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NOTICE 
Th i s  r e p o r t  was prepared a s  a n  accoun t  o f  Government-sponsored 
work. N e i t h e r  t h e  United S t a t e s ,  nor t h e  N a t i o n a l  Aeronau t i c s  
and Space A d m i n i s t r a t i o n  (NASA), nor any p e r s o n  a c t i n g  on b e h a l f  
of NASA: 
a .  Makes w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  i m p l i e d ,  
w i t h  r e s p e c t  t o  t h e  accu racy ,  completeness  , o r  u s e f u l n e s s  
of  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  r e p o r t ,  o r  t h a t  t h e  
u s e  o f  any i n f o r m a t i o n ,  a p p a r a t u s ,  method, o r  p r o c e s s  d i s -  
c l o s e d  i n  t h i s  r e p o r t  may no t  i n f r i n g e  pr ivately-owned 
r i g h t s ;  o r  
b .  A s s u m e s  any l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  use  o f ,  o r  
f o r  damages r e s u l t i n g  from t h e  u s e  of any i n f o r m a t i o n ,  
a p p a r a t u s ,  method, o r  p rocess  d i s c l o s e d  i n  t h i s  r e p o r t .  
As used above,  "pe r son  a c t i n g  on b e h a l f  o f  NASA" i n c l u d e s  any  
employee .or c o n t r a c t o r  of NASA, o r  employee o f  s u c h  c o n t r a c t o r ,  
t o  t h e  e x t e n t  t h a t  s u c h  employees o r  c o n t r a c t o r  o f  NASA, o r  e m -  
p loyee of such  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p rov ides  a c -  
cess t o ,  any i n f o r m a t i o n  pu r suan t  t o  h i s  employment w i t h  such  con- 
t r a c t o r .  
R e q u e s t s  f o r  c o p i e s  of  t h i s  r e p o r t  shou ld  be r e f e r r e d  t o :  
N a t i o n a l  Aeronau t i c s  and Space  A d m i n i s t r a t i o n  
O f f i c e  of S c i e n t i f i c  and T e c h n i c a l  I n f o r m a t i o n  
Washington 25, D .  C .  
A t t e n t i o n :  AFSS-A 
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Repor t  and i s  submi t t ed  i n  accordance  w i t h  A r t i c l e  l ( a )  (1) (v)(E) 
and 2 ( b ) ( 5 )  of JPL Con t rac t  951709. 
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I. INTRODUCTION 
1 
This  i s  t h e  f i r s t  q u a r t e r l y  p r o g r e s s  r e p o r t  t o  be submi t t ed  
i n  accordance  w i t h  JPL Cont rac t  951709. The r e p o r t  cove r s  t h e  
p e r i o d  from 5 October  1966 th rough  30 December 1966. 
The program i n v o l v e s  t h e  exposure  of  a n  assembled and f u e l e d  
b i p r o p e l l a n t  l i q u i d  p ropu l s ion  sys tem t o  t h e  e t h y l e n e  ox ide  (ETO) 
and h e a t  s t e r i l i z a t i o n  environments  s p e c i f i e d  by JPL s p e c i f i c a t i o n  
VOL 50503 ETS. A f t e r  exposure t h e  sys tem w i l l  be f i r e d  f o r  300 
sec. 
The program p l a n  i n c l u d e s  a d e s i g n  and component s e l e c t i o n  
phase  d u r i n g  which t h e  p ropu l s ion  sys t em d e s i g n  is  evo lved .  A 
second phase w i l l  i nvo lve  t h e  procurement of  components f o r  bo th  
a component t e s t  series and f o r  assembly i n t o  t h e  comple te  sys tem.  
The t h i r d  phase of  t h e  program, which i s  be ing  c a r r i e d  on i n  pa r -  
a l l e l  w i t h  t h e  d e s i g n  phase,  i s  a m a t e r i a l s  i n v e s t i g a t i o n .  Dur- 
i n g  t h i s  phase d a t a  a r e  be ing  c o l l e c t e d  and t e s t i n g  i s  t a k i n g  p l a c e .  
Where d a t a  do  n o t  ex i s t  t e s t i n g  i s  be ing  conducted t o  p rov ide  t h e  
n e c e s s a r y  in fo rma t ion .  The f o u r t h  phase o f  t h e  program i n v o l v e s  
t h e  assembly and t e s t  of  t h e  comple te  p r o p u l s i o n  sys tem.  The s y s -  
t e m  w i l l  be assembled and p r o p e l l a n t s  loaded and t h e n  exposed t o  
ET0 and h e a t  s t e r i l i z a t i o n  c y c l e s .  
s t e r i l i z e  o r  t o  v e r i f y  s t e r i l i z a t i o n .  The i n t e n t  i s  t o  prove t h e  
f e a s i b i l i t y  of expos ing  a loaded  b i p r o p e l l a n t  p r o p u l s i o n  sys t em 
t o  b o t h  t h e  ET0 and h e a t  s t e r i l i z a t i o n  environments  w i t h o u t  s y s -  
t e m  d e g r a d a t i o n .  This  will be proved by a 300-sec .  h o t  f i r i n g  
of  t h e  sys tem immediately a f t e r  exposure  t o  t h e  envi ronments .  A s  
a f i n a l  v e r i f i c a t i o n  t h e  sys tem w i l l  be d i sa s sembled  and t h e  com- 
ponent p a r t s  t e s t e d  and in spec ted  f o r  d e g r a d a t i o n .  
No a t t e m p t  w i l l  be made t o  
Dur ing  t h i s  r e p o r t  per iod  w e  were engaged i n  t h e  sys t em d e s i g n  
and m a t e r i a  Is i n v e s  t i a  g t  i on  phases  . 
s e l e c t i o n  phase is  scheduled t o  l a s t  f o u r  months. T h e r e f o r e ,  t o t a l  
r e s u l t s ,  c o n c l u s i o n s ,  and f i n a l  component s e l e c t i o n s  w i l l  be p r e -  
s e n t e d  i n  t h e  n e x t  q u a r t e r l y  r e p o r t .  
The des  i g n  and component 
M a t e r i a l s  c o m p a t i b i l i t y  i n v e s t i g a t i o n s  w i l l  c o n t i n u e  over  t h e  
t o t a l  p e r i o d  of t h e  c o n t r a c t .  Some of  t h e  m a t e r i a l  s c r e e n i n g  re-  
s u l t s  o b t a i n e d  t o  d a t e  a r e  p r e s e n t e d  i n  t h i s  r e p o r t .  
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11. CONCLUSIONS 
As a r e s u l t  of work completed on t h e  m a t e r i a l s  i n v e s t i g a t i o n  
p o r t i o n  of 
1) 
5)  
6 )  
7 )  
t h e  program, a number of  c o n c l u s i o n s  may be drawn: 
Ti tan ium a l l o y  6AL-4V and aluminum a l l o y s  6061-T6, 
2014-T6, and 2219-T8 a r e  t h e  most promis ing  m a t e r i a l s  
fo r  c o n s t r u c t i n g  e i t h e r  o x i d i z e r  o r  f u e l  p r o p e l l a n t  
tanks  and a s s o c i a t e d  hardware ;  
Ferrous based a l l o y s  a r e  unaccep tab le  f o r  o x i d i z e r  
tankage a p p l i c a t i o n  because  of t h e  fo rma t ion  of a 
contaminant  ( c a l l e d  "adducts  of  i r o n " ) ,  r a t h e r  t h a n  
as a r e s u l t  of  s t r u c t u r a l  d e g r a d a t i o n ;  
A l l  meta l s  t e s t e d  a r e  a c c e p t a b l e  f o r  u s e  w i t h  f u e l ;  
Whenever p o s s i b l e ,  nonmetals  shou ld  n o t  be used when 
c o n t a c t  w i t h  e i t h e r  p r o p e l l a n t  a t  s t e r i l i z a t i o n  t e m -  
p e r a t u r e s  i s  n e c e s s a r y ;  
The e f f e c t  of  T e f l o n  and a s s o c i a t e d  t y p e s  of compounds 
on m e t a l s ,  when exposed t o  p r o p e l l a n t s  a t  s t e r i l i z a -  
t i o n  t e m p e r a t u r e s ,  r e q u i r e s  f u r t h e r  s t u d y ;  
A p o t e n t i a l  haza rd  exis ts  i f  f u e l  o r  o x i d i z e r  shou ld  
l e a k  i n t o  t h e  s t e r i l i z a t i o n  chamber d u r i n g  exposure  
of t h e  module t o  e t h y l e n e  o x i d e ;  
P a s s i v a t i o n  of t h e  f u e l  sys t em b e f o r e  l o a d i n g  i s  re-  
qui red  t o  e n s u r e  t h a t  no o x i d i z i n g  s u b s t a n c e s  a r e  re- 
ma i n i n g .  
I 
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111. RECOMMENDATIONS 
3 
A s  t h e  r e s u l t  of t h e  m a t e r i a l s  i n v e s t i g a t i o n  program, t h r e e  
t y p e s  of recommendations w i l l  be  made a t  t h i s  t i m e  -- p r e l i m i n a r y .  
L I ~ ~ ~ ~ ,  dud rscommenciacions f o r  t u t u r e  s t u d y .  11: .--. 
A .  PRELIMINARY RECOMMENDATIONS 
P r e l i m i n a r y  recommendations a r e  based upon p r e l i m i n a r y  i n f o r -  
mat ion  a v a i l a b l e  a t  t h i s  p o i n t  from t h e  m a t e r i a l s  s c r e e n i n g  pro-  
gram. These recommendations a r e  a s  f o l l o w s :  
T i t an ium a l l o y  6AL-4V shou ld  be used f o r  c o n s t r u c t i o n  
of o x i d i z e r  tankage;  
Aluminum a l l o y  6061-T6 should  be used f o r  a l l  o x i d i z e r  
plumbing l i n e s  ; 
Valves  c o n t a c t i n g  o x i d i z e r  d u r i n g  s t e r i l i z a t i o n  c y c l e s  
shou ld  be c o n s t r u c t e d  of aluminum; 
T i t an ium a l l o y  6AL-4V o r  6061-T6 aluminum shou ld  be 
used f o r  f u e l  t a n k  c o n s t r u c t i o n ;  
Plumbing l i n e s  and v a l v e s  t h a t  c o n t a c t  f u e l  d u r i n g  
s t e r i l i z a t i o n  c y c l e s  shou ld  be of  aluminum o r  s t a i n -  
less s t e e l  a l l o y s ;  
B u r s t  d i s c s  fo r  e i t h e r  sys t em shou ld  be  made from 
1100-0 aluminum. 
B.  FIRM RECOMMENDATIONS 
Firm recommendations a r e  based on completed t e s t i n g .  They 
a r e  a s  fo l lows :  
1) P a s s i v a t i o n  of f u e l  sys t em shou ld  be accomplished i n  
accordance  wi th  M a t e r i a  Is Eng inee r ing  Repor t  67-1R; 
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2 )  Oxidizer  shou ld  meet minimum n i t r i c  ox ide  (NO) c o n t e n t  
requi rement  of NASA S p e c i f i c a t i o n  MSC-PPD-2AY d a t e d  
1 June  1966; 
3 )  Modify eng ine ,  s e l e c t e d  f o r  u s e  i n  module, a s  d e f i n e d  
i n  M a t e r i a l s  Eng inee r ing  Repor t  67-2;  
4 )  I n s t a l l  a purge c a p a b i l i t y  i n  t h e  e t h y l e n e  ox ide  en-  
vironment  chamber t h a t  w i l l  a c t i v a t e  whenever t h e  p ro -  
p e l l a n t  s e n s o r s  d e t e c t  a c o n c e n t r a t i o n  of 5 ppm of  
e i t h e r  p r o p e l l a n t .  T h i s  sys tem would a c t  t o  d i l u t e  
t h e  atmosphere w i t h  e i t h e r  a i r  o r  n i t r o g e n  and would 
a l e r t  o p e r a t i n g  pers onnel  . 
C .  RECOMMENDATIONS FOR FUTURE STUDY 
Recommendations l i s t e d  h e r e  a r e  p re sen ted  a s  a n  outgrowth of  
t h e  program and a r e  n o t  cons ide red  a n e c e s s a r y  a c t i v i t y  f o r  meet- 
i n g  t h e  i n t e n t  of t h e  program. R a t h e r ,  t h e y  a r e  i t e m s  t h a t  could  
provide  v a l u a b l e  i n f o r m a t i o n  f o r  f u t u r e  d e s i g n .  
1) I n v e s t i g a t e  e f f e c t s  on me ta l s  and p r o p e l l a n t s  when 
T e f l o n  and r e l a t e d  compounds a r e  p r e s e n t  d u r i n g  h e a t  
s t e r i l i z a t i o n  c y c l e ;  
2)  Determine t h e  p r e c i s e  chemica l  compos i t ion  of t h e  
adducts  o f  i r o n  when w e t  w i t h  n i t r o g e n  t e t r o x i d e  and 
when d r y ;  
3 )  I n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  a d d i n g  i n h i b i t o r s  t o  
n i t r o g e n  t e t r o x i d e  t o  p reven t  t h e  fo rma t ion  of  i r o n  
adduc t s  ; 
4 )  Determine f e a s i b i l i t y  of  p r e s t e r i l i z a t i o n  of b o t h  
p r o p u l s i o n  sys tem components and p r o p e l l a n t s  b e f o r e  
l o a d i n g  t o  e l i m i n a t e  t h e  many p e n a l t i e s  i nvo lved  i n  
d e s i g n i n g  tankage  f o r  exposure  t o  p r o p e l l a n t s  a t  
275'F; 
5 )  Explo re  p o s s i b l e  methods of  nonthermal  s t e r i l i z a t i o n  
of  p r o p e l l a n t s  d u r i n g  l o a d .  P o t e n t i a l  methods i n c l u d e  
u l t r a v i o l e t  r a d i a t i o n ,  u l t r a s o n i c  v i b r a t i o n ,  and fil- 
t r  a t i o n .  
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I V .  GENERAL REPORT 
During t h e  q u a r t e r ,  e f f o r t  was i n i t i a t e d  and completed on t h e  
s e l e c t i o n  of a p r o p e l l a n t  combinat ion t o  be used w i t h  t h e  p ropu l -  
s i o n  module. The s e l e c t i o n  was based upon two s i g n i f i c a n t  f a c t o r s .  
One f a c t o r  c o n s i d e r e d  the c o m p a t i b i l i t y  of t h e  p r o p e l l a n t s  w i t h  
t h e  s t e r i l i z a t i o n  environments  and w i t h  t h e  m a t e r i a l s  of c o n t a i n -  
ment d u r i n g  exposure t o  s t e r i l i z a t i o n .  The o t h e r  f a c t o r  cons id -  
e r e d  t h e  p r o p e l l a n t s  with r e s p e c t  t o  performance, eng ine  a v a i l a -  
b i l i t y ,  and t e s t  e x p e r i e n c e .  
The s t e r i l i z a t i o n  environments are d e f i n e d  i n  d e t a i l  by JPL 
S p e c i f i c a t i o n  VOL-50503-ETS. The r equ i r emen t s  i n c l u d e  exposure 
of t h e  p r o p u l s i o n  system t o  both e t h y l e n e  ox ide  mixed w i t h  f r e o n  
and t o  h e a t .  The e t h y l e n e  o x i d e l f r e o n  decon tamina t ion  t e s t s  con- 
s i s t  of s i x  c y c l e s  of exposure of t h e  module ove r  t h e  t empera tu re  
t ime r e l a t i o n s h i p  shown i n  t h e  f o l l o w i n g  s k e t c h .  
I r18.5°C/hr 
50 
n 
u 
v 
& a l  
0 1.5 27.5 29 
Time (hr) 
ET0 Decontaminat ion Cycle  
The decon tamina t ion  t e s t  environment i s  88 p e r c e n t  Freon 12 and 
12  p e r c e n t  ET0 a t  50 pe rcen t  r e l a t i v e  humid i ty  and a c o n c e n t r a -  
t i o n  of 600 mg. of ET0 per l i t e r  of gaseous atmosphere.  
The h e a t  s t e r i l i z a t i o n  t e s t  c o n s i s t s  of s i x  c y c l e s  of expo- 
s u r e  of t h e  assembled module t o  t h e  f o l l o w i n g  c r i t e r i a .  
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19 O C  / hr 
0 6 70 76 
Time (hr) 
Heat S t e r i l i z a t i o n  Cycle 
135 
n 
V 
U 
M a l  
During t h e  h e a t  c y c l e s  t h e  t e s t  atmosphere i s  gaseous n i t r o g e n .  
Three c a n d i d a t e  o x i d i z e r s  and t h r e e  c a n d i d a t e  f u e l s  were con- 
The o x i d i z e r s  were n i t r o g e n  t e t r o x i d e  (N204), mixed OX- s i d e r e d .  
i d e s  of n i t r o g e n  (MON), and i n h i b i t e d  r e d  fuming n i t r i c  a c i d  
I R F N A ) .  
(I") and Aerozine 50 (A-50). The major  c o n s i d e r a t i o n s  used f o r  
t h e  p r o p e l l a n t  s e l e c t i o n  were: 
The f u e l s  were h y d r a z i n e  (N2H4), monomethylhydrazine 
1) Vapor p r e s s u r e  a t  e l e v a t e d  t e m p e r a t u r e ;  
2) S t a b i l i t y  a t  e l e v a t e d  t e m p e r a t u r e ;  
3) M a t e r i a l  c o m p a t i b i l i t y  a t  e l e v a t e d  t e m p e r a t u r e ;  
4 )  Engine t e s t  e x p e r i e n c e  i n c l u d i n g  performance demon- 
s t r a t  i o n .  
1. O x i d i z e r  S e l e c t i o n  
MON m i x t u r e s  were e l i m i n a t e d  e a r l y  i n  t h e  s e l e c t i o n  phase based 
upon a l a c k  of h i g h  t empera tu re  c o m p a t i b i l i t y  d a t a  and t h e  h i g h  
vapor  p r e s s u r e s  of t h e s e  m i x t u r e s .  
N204 was f avored  o v e r  IRFNA on t h e  b a s i s  of h i g h e r  performance 
w i t h  t h e  f u e l s  c o n s i d e r e d ,  and on t h e  a v a i l a b i l i t y  of h i g h  temper- 
a t u r e  c o m p a t i b i l i t y  d a t a  from B e l l  Aerosystems.  
f a c t o r s  cons ide red  i s  p r e s e n t e d  i n  Tab le  1. 
A summary of t h e  
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Table 1 O x i d i z e r  S e l e c t i o n  Data 
Production Systems 
Vapor Pressure High Temperature Performance Using This Engine Test 
Experience Propellant ~ ~ ~ ~ ~ ~ l a ~ ~ t  (pais 2 i ; " F j  i i t r r m , i  Scabiiicy Lwpaciollicy Uemonstrated 
800 Decomposition only Materials avail- I >290 sec Many systems Greatest 
N2°4 slight @ 275°F able SP 
IRFNA 125 Equilibrium pres- Questionable I <275 sec Drone system Minim um 
SP sure 300-400 psi 
@ 275OF 
MDN s o 0  Decomposition only Materials avail- I >290 sec More than one Adequate 
temperature use 
slight @ 275'F able for ambient sp 
Based on a v a i l a b l e  d a t a  and e x p e r i e n c e ,  N 0 was chosen as t h e  
2 4  
o x i d i z e r  t o  be used f o r  t he  program. The h i g h  vapor  p r e s s u r e  t h a t  
w i l l  c a u s e  a somewhat h i g h e r  system we igh t  t h a n  I R F N A ,  i s  more t h a n  
o f f s e t  by t h e  m a t e r i a l  c o m p a t i b i l i t y  and eng ine  e x p e r i e n c e  u s i n g  
N2°4 
2 .  F u e l  S e l e c t i o n  
S i n c e  t h e r e  was l i t t l e  v a r i a t i o n  i n  vapor  p r e s s u r e s  and h i g h  
t empera tu re  c o m p a t i b i l i t y  p r o p e r t i e s  f o r  t h e  t h r e e  c a n d i d a t e  f u e l s  
c o n s i d e r e d ,  t h e  main c r i t e r i a  f o r  t h e  s e l e c t i o n  were the rma l  s t a -  
b i l i t y  of t h e  f u e l  and performance and system weight  advantage w i t h  
t h e  s e l e c t e d  o x i d i z e r .  On t h e  b a s i s  of s p e c i f i c  impulse and s y s -  
tem we igh t ,  n e a t  hydraz ine  i s  c l e a r l y  s u p e r i o r  t o  e i t h e r  of t h e  
o t h e r  f u e l  c a n d i d a t e s  from a p u r e  t h e o r e t i c a l  s t a n d p o i n t ;  however, 
from t h e  s t a n d p o i n t  of thermal  s t a b i l i t y ,  i t  i s  l e s s  d e s i r a b l e  
than  e i t h e r  A-50 o r  MMH. The v e r y  l i m i t e d  decomposi t ion r a t e  d a t a  
a v a i l a b l e  f o r  MMH ( a t  ambient,  160'F and 400'F) a r e  s i m i l a r  t o  
r a t e s  observed f o r  pure hydraz ine  (Ref 1). C e r t a i n  i m p u r i t i e s ,  
p a r t i c u l a r l y  oxygen, c a n  i n c r e a s e  t h e  s e n s i t i v i t y  t o  the rma l  de- 
composi t ion markedly.  For example, MMH t h a t  h a s  been exposed t o  
a i r  s u f f i c i e n t l y  t o  cause a s l i g h t  y e l l o w i s h  d i s c o l o r a t i o n  w i l l  
-L--. :-,..-,,",.-A +l.-.--."l : . . n t " h ' l : t . r  
J L L V W  ILILLLCLJLU L L I C L L L I ~ L  L L L D C ~ U I L L L ~  
The low s e n s i t i v i t y  of UDMH t o  c a t a l y t i c  decomposi t ion i s  w e l l  
documented, and t h e  dec reased  s e n s i t i v i t y  of t h e  m i x t u r e  w i t h  hy- 
drazine/A-50, h a s  been demonstrated i n  t h e  s u c c e s s f u l  u se  of t h i s  
8 MCR- 6 7 - 15 
f u e l  i n  r e g e n e r a t i v e l y  coo led  u p p e r  s t a g e  e n g i n e s ,  UDMH was n o t  
c o n s i d e r e d  as a c a n d i d a t e  even though i t  e x h i b i t s  s u p e r i o r  t h e r -  
m a l  p r o p e r t i e s  because of i t s  low performance c a p a b i l i t y .  S t a b i l -  
i t y  t e s t i n g  of t h e  c a n d i d a t e  f u e l s  i s  w e l l  documented f o r  normal 
s t o r a b i l i t y  l i m i t s  below 160'F i n  bo th  open and c l o s e d  v e s s e l s ,  
however, a l l  w i l l  decompose r a p i d l y  and e x p l o s i v e l y  a t  e l e v a t e d  
t e m p e r a t u r e s ,  Bomb t e s t  d a t a  r e p o r t e d  by Rocketdyne (Ref 2) r e -  
v e a l  t h e  approximate t empera tu res  a t  t h e  o n s e t  of r a p i d  decompo- 
s i t i o n  f o r  t he  f u e l s  t h a t  a r e  480'F f o r  N H 640'F f o r  MMH, and 
720°F f o r  UDMH. Between t h e  normal s t o r a g e  t e m p e r a t u r e  and r a p i d  
decomposi t ion t empera tu re  of t h e  f u e l s ,  v e r y  l i t t l e  expe r imen ta l  
work i n d i c a t i n g  decomposi t ion ra tes  h a s  been performed. Conse- 
q u e n t l y ,  t h e  a c t u a l  r e l a t i v e  s t a b i l i t y  r a t i n g  f o r  t h e  h y d r a z i n e  
f u e l s  i n  t h e  r ange  of i n t e r e s t  a t  285"F, c a n  o n l y  be s p e c u l a t e d .  
A r e c e n t  a t tempt  t o  c o r r e l a t e  t h e s e  d a t a  a t  M a r t i n  (Ref 3) i n d i -  
c a t e d  t h a t  the decomposi t ion ra tes  of t h e  c a n d i d a t e  f u e l s  are of 
t h e  same magnitude a t  ambient t e m p e r a t u r e s .  Gene ra l  o p i n i o n  of 
v a r i o u s  s o u r c e s  i n  t h e  i n d u s t r y  i n d i c a t e  t h a t  t h e  s t a b i l i t y  r a t -  
i n g  i n  d e c l i n i n g  o r d e r  i s  a s  f o l l o w s :  UDMH, MMH, A-50, and N2H4. 
There i s  some d i sag reemen t  as t o  t h e  compara t ive  s t a b i l i t y  of MMH 
and A-50. The most d e s i r a b l e  eng ine  o p e r a t i n g  c h a r a c t e r i s t i c s  
f a v o r  MMH, which h a s  been chosen as t h e  f u e l  f o r  t h i s  program. 
2 4' 
A summary of t h e  f a c t o r s  c o n s i d e r e d  f o r  f u e l  s e l e c t i o n  a r e  p re -  
s e n t e d  i n  Table 2 .  
Tab le  2 Fue l  S e l e c t i o n  Data 
Production Systems 
Vapor Pressure High Temperature Performance Using This Engine Test 
Propellant (psia @ 275'F) Thermal Stability Compatibility Demonstrated Propellant Experience 
25 Good in absence of Materials avail- I >290 sec None Minimum 
N2H4 catalytic materials able SP 
MMH 6 3  Good, some sensi- Materials avail- I >290 sec Many Maximum 
tivity to catalysts able SP 
_~ _ _  
A-50 75 Very good Materials avail- I >290 sec Many Sufficient 
SP able 
~ Note: Based on the above data the selected fuel could be either MMH or A-50. Additional considerations are: 
1) Less ignition spike OCCUKS with MMH; 
2) MMH burns cooler; 
3) MMH better film coolanl; 
4) 
5) A-50 performance i s  slightly greater than MMH. 
More engine test experience with MMH on candidate engines; 
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A s  a f i n a l  v e r i f i c a t i o n  of t h e  i n d i v i d u a l  s e l e c t i o n s  of o x i -  
d i z e r  and f u e l ,  a check was made of t h e  p a r t i c u l a r  p r o p e l l a n t  com- 
b i n a t i o n .  Tab le  3 compares some of t h e  commonly used combinat ions 
w i t h  MMH N204. 1 
Tab le  3 P r o p e l l a n t  Combination Comparison 
Prop e l  1 a n t  
Comb i n  a t  i o n  
N2°4/N2H4 
IRFNA/N2H4 
N O  MMH 
IRFNA/MMH 
N204/A-50 
2 41 
S t a t e - o f  - 
A r t  R a t i n g  
~~ 
T h e o r e t i c a l  Vacuum 
Performance E q u i l i b r i u m  
P = 150 p s i a ,  E = 40 
r. 
I ( sec )  
S P  
340.7 
325.7 
337.7 
320 ..9 
338.1 
O x i d i z e r / F u e l  
R a t  i o  
1.35 
1 . 6  
2 .2  
2.4 
2 .o 
Postshutdown 
A l t i t u d e  I g n i t i o n  
( C r i t i c a l )  
Operat  i o n  
Poor 
Poor 
Good 
Good 
Poor 
Here a g a i n  t h e  s e l e c t e d  p r o p e l l a n t s  a p p e a r  t o  be t h e  l o g i c a l  c h o i c e  
as a p r o p e l l a n t  combinat ion.  
B.  ENGINE SELECTION 
The eng ine  and p r o p e l l a n t  s e l e c t i o n  a c t i v i t i e s  were c a r r i e d  
on s i m u l t a n e o u s l y  because of t h e  in t e rdependence  of f u n c t i o n s .  
Although a f i n a l  eng ine  s e l e c t i o n  h a s  n o t  been made, a l l  eng ines  
s t i l l  under c o n s i d e r a t i o n  a r e  compa t ib l e  w i t h  t h e  p r o p e l l a n t  com- 
b i n a t i o n  s e l e c t e d .  
The eng ine  s e l e c t i o n  i s  b e i n g  accomplished i n  f o u r  phases .  
The f a c t o r s  c o n s i d e r e d  i n  each phase a r e  as f o l l o w s :  
1) Engine p r o p e l l a n t  c o n s i d e r a t i o n s  - 
a)  P r o p e l l a n t  t e s t  e x p e r i e n c e ,  
b) Product ion system e x p e r i e n c e ,  
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c) Demonstrated performance; 
2) Engine program r e s t r a i n t s  - 
a) Engine a v a i l a b i l i t y ,  
b) Engine c o s t ,  
c) Engine p r e d e l i v e r y  c h a r a c t e r i z a t i o n ;  
3) P r e l i m i n a r y  eng ine  s c r e e n i n g  - 
a) S e l e c t e d  p r o p e l l a n t  t e s t  e x p e r i e n c e ,  
b) Minimum performance c a p a b i l i t y  demonstrated (-3a), 
c) D u r a t i o n  c a p a b i l i t y ,  
d) M a t e r i a l s  of c o n s t r u c t i o n ;  
4 )  F i n a l  eng ine  s c r e e n i n g  - 
a)  12% ET0 - 88% Freon decon tamina t ion  c o m p a t i b i l i t y ,  
b) 280'F extended t empera tu re  exposure  c a p a b i l i t y ,  
c) Engine rework r e q u i r e d  t o  meet system r e q u i r e m e n t s .  
The f i r s t  phase of t h e  eng ine  s e l e c t i o n  h a s  been completed and 
t h e  r e s u l t s  of t h i s  s t u d y  a r e  shown i n  T a b l e  4 .  
t h e  b i p r o p e l l a n t  e n g i n e s  i n  t h e  50 l b f  t o  150 l b  
The t a b l e  p r e s e n t s  
t h r u s t  r ange ,  
f 
nominal d e l i v e r e d  performance demons t r a t ed  by developed sys t ems ,  
and g e n e r a l  t e s t  e x p e r i e n c e  t h a t  i d e n t i f i e s  c u r r e n t  small  eng ine  
s t a t e  of t h e  a r t ,  The o r i g i n a l  c a n d i d a t e  e n g i n e s  proposed f o r  t h e  
s t e r i l i z a b l e  p r o p u l s i o n  system a r e  i d e n t i f i e d  by an a s t e r i s k .  
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Table 4 Engine-Propellant Considerat ions 
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Prope l l an  
Combinat io ,  
NTo/uDMH I 
NTO N2H4 
NTO / A- 50 
IRFNA/UDMH 
/ 
MON/MMH 
MONIMMH 
Hydrate 
Production 
System Usage 
1*, 3 
2,  5* 
6* 
10 
S u b s t a n t i a l  
Test  Experience 
~~ 
~~ 
4*, 5*, 7*, 8*, 
9*, 12* 
7*, 8*, 9*, 11* 
8* 
Limited Test  
Experience 
6* 
13 
13 
4* 
13 
6* 
Rocketdyne - Gemini 23 l b f ,  79 l b f ,  94.5 l b f  - a b l a t i v e  
Demonstrated 
Performance, 
I (see) 
S P  
298 
260 
-- 
298 
2 70 
298 
287 
260 
2.  
3. 
4. Rocketdyne - Beryllium 100 l b f  - h e a t  s i n k  
5 .  Marquardt - Apollo 100 lbf  - r a d i a t i o n  
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. IR&D and/or exp lo ra to ry  t e s t i n g  
Rocketdyne - Transtage 25 l b f ,  45 l b f  - a b l a t i v e  
Rocketdyne - Apollo 91  l b f  - a b l a t i v e  
* 
* 
Thiokol (RMD) - Surveyor 104 l b f *  - r egene ra t ive  
Thiokol (W) - Apollo, C - 1  100 l b f *  - r egene ra t ive  
TRW Systems - Surveyor backup MIRA-150A" - a b l a t i v e  ( r a d i a t i o n  a l t e r n a t i v e )  
TRW Systems - URSA-100R 100 l b f *  - r a d i a t i o n  
B e l l  Aerosystems - Agena 2nd propuls ion 16 l b f ,  200 lb f  - r a d i a t i o n  
B e l l  Aerosystems - NASA Program Model 8414* 100 l b f  - r a d i a t i o n  
B e l l  Aerosystems - NASA Program Model 8374 100 l b f *  - a d i a b a t i c  w a l l  
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A s  a r e s u l t  of i n v e s t i g a t i o n s  under t h e  f i r s t  phase of s e l e c -  
t i o n ,  t h e  100-lbf eng ines  t o  be f u r t h e r  s t u d i e d  f o r  t h i s  program 
a r e  : 
4. Rocketdyne - Bery l l ium - h e a t  s i n k  
5 .  Marquardt - Model R-4D - r a d i a t i o n  
7.  Thiokol ,  RMD - Model C-1  - r e g e n e r a t i v e  
8. TRW Systems - MIRA-150A - a b l a t i v e  
9 .  TRW Systems - URSA-100R - r a d i a t i o n  
11. B e l l  Aerosystems - Model 8414 - r a d i a t i o n  
Engine 1 was e l i m i n a t e d  due t o  i n a b i l i t y  t o  demons t r a t e  r e -  
q u i r e d  performance and p robab le  i n a b i l i t y  t o  meet 300-sec f i r i n g  
d u r a t i o n .  Engine 6 was e l i m i n a t e d  due t o  l i m i t e d  t e s t  e x p e r i e n c e  
w i t h  t h e  s e l e c t e d  p r o p e l l a n t s ,  and Engine 1 2  was e l i m i n a t e d  be- 
c a u s e  no engine i s  a v a i l a b l e  f o r  t h i s  program. 
Work was con t inued  under Phases I1 and 111. A t  t h i s  t i m e ,  en- 
g i n e  s u p p l i e r s  have been c o n t a c t e d  and s p e c i f i c  i n f o r m a t i o n  r e -  
q u e s t e d .  I n  a d d i t i o n ,  t h e  p o s s i b i l i t y  of u s i n g  an a b l a t i v e  noz- 
z l e  h a s  been d i s c a r d e d  due t o  t h e  u n c e r t a i n i t y  of c o m p a t i b i l i t y  
w i t h  ET0 and t o  t h e  f i r i n g  d u r a t i o n  c a p a b i l i t y .  T h i s  t y p e  of en- 
g i n e  probably w i l l  no t  meet t h e  300-sec f i r i n g  d u r a t i o n .  
C .  SYSTEM DESIGN AND ANALYSIS 
E f f o r t  was i n i t i a t e d  on b o t h  system l a y o u t  and on a d e s i g n  
a n a l y s i s .  A t  t h e  end of t h e  q u a r t e r  t h e  l a y o u t  h a s  been completed 
u s i n g  t h e  components from t h e  p r e l i m i n a r y  s e l e c t i o n  phase d e s c r i b e d  
under S e c t i o n  D of t h i s  r e p o r t .  I n  a d d i t i o n ,  a p r e l i m i n a r y  system 
d e s i g n  c r i t e r i a  document h a s  been w r i t t e n  and i s s u e d .  S i n c e  t h e  
d e s i g n  c r i t e r i a ,  system l a y o u t s ,  and component s e l e c t i o n  are  i n -  
t e rdependen t ,  a l l  were worked s i m u l t a n e o u s l y  and have p r o g r e s s e d  
th rough  i n i t i a l  s t a g e s .  
ponent f i n a l  s e l e c t i o n .  
They w i l l  be completed s h o r t l y  a f t e r  com- 
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1. System Schematic 
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The schemat i c  of t h e  p r o p u l s i o n  system evolved d u r i n g  t h e  r e -  
p o r t  p e r i o d  and s e v e r a l  changes o c c u r r e d  as r equ i r emen t s  became 
beccer  d e i i n e d .  F i g u r e  i d e p i c i s  i he  s y s i e i u  db ii i i u w  enisLLb. 
A l l  components i n s i d e  t h e  i n t e r f a c e  l i n e s  a r e  i n t e g r a l  p a r t s  of 
t h e  module and are be ing  s e l e c t e d  from a v a i l a b l e  hardware of an 
a i r b o r n e ,  f l i g h t  q u a l i f i e d  c o n f i g u r a t i o n .  A l l  components o u t s i d e  
t h e  i n t e r f a c e  l i n e s  a r e  cons ide red  t o  be f a c i l i t y  items and w i l l ,  
t h e r e f o r e ,  n o t  r e q u i r e  q u a l i f i c a t i o n  s t a t u s .  
The system i s  a n i t r o g e n  g a s ,  p r e s s u r i z e d ,  b i p r o p e l l a n t ,  pro-  
p u l s i o n  system of c o n v e n t i o n a l  d e s i g n .  It i s  s e p a r a t e d  i n t o  f i v e  
b a s i c  s e c t i o n s :  
1) Ni t rogen  g a s  s t o r a g e ;  
2) P r e s s u r a n t  r e g u l a t i o n  and supp ly ;  
3) O x i d i z e r  s t o r a g e ;  
4) F u e l  s t o r a g e ;  
5) P r o p e l l a n t  feed and e n g i n e .  
Three of  t h e  b a s i c  s e c t i o n s ,  n i t r o g e n  gas  s t o r a g e ,  o x i d i z e r  
s t o r a g e ,  and f u e l  s t o r a g e  a r e  c o n s i d e r e d  h e r m e t i c a l l y  s e a l e d  a r -  
e a s .  That i s ,  t h e y  are t e rmina ted  by no rma l ly  c l o s e d  ordnance 
o p e r a t e d  v a l v e s  o r  by capped l i n e s .  A l l  l i n e  o r  component j o i n t s  
w i t h i n  t h e s e  systems w i l l  be l e a k  checked t o  a r equ i r emen t  of 1 
x s c c / s e c  u s i n g  helium g a s  a t  50 p s i g .  The remaining systems 
i n c l u d i n g  p r e s s u r a n t  r e g u l a t i o n  and supp ly ,  and p r o p e l l a n t  f e e d  
and eng ine  w i l l  be r e q u i r e d  t o  be bubble  t i g h t  a t  o p e r a t i n g  pres-  
s u r e  u s i n g  n i t r o g e n  gas  as  t h e  p r e s s u r a n t .  
2 .  System Design Layout 
The system as i n i t i a l l y  proposed c o n s i s t e d  of s p h e r i c a l  g a s  
and p r o p e l l a n t  t a n k s  arranged i n  a pyramid c o n f i g u r a t i o n  as shown 
i n  F i g .  2 .  As t h e  l ayou t  of s t r u c t u r a l  members p rogres sed  i t  be- 
came appa ren t  t h a t  t h i s  c o n f i g u r a t i o n  would r e q u i r e  f a i r l y  heavy 
s u p p o r t s  f o r  t h e  gaseous n i t r o g e n  t a n k .  
t o  w i t h s t a n d  t h r e e - a x i s ,  14-g a c c e l e r a t i o n  l o a d s  imposed by t h e  
env i ronmen ta l  c r i t e r i a .  T h i s  c r i t e r i o n ,  which i s  d e f i n e d  by JPL 
S p e c i f i c a t i o n  30250B, was used as t h e  b a s i c  d e s i g n  gu ide  f o r  t h e  
system and i t s  components. 
T h i s  was r e q u i r e d  i n  o r d e r  
I 
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An a l t e r n a t i v e  arrangement was, t h e r e f o r e ,  i n v e s t i g a t e d .  T h i s  
new c o n f i g u r a t i o n  p l aced  a l l  t h r e e  t a n k s  i n  a p l a n a r  arrangement  
as shown i n  F i g .  3 .  This  allowed a l l  t a n k s  t o  be mounted d i r e c t -  
l y  on t h e  major s t r u c t u r a l  s u p p o r t  member. Work w a s  c o n t i n u e d  on 
t h i s  d e s i g n  and i t  was e s t a b l i s h e d  as t h e  b a s i c  system c o n f i g u r a -  
t i o n .  
A d e t a i l e d  drawing was made of t h e  t r i a n g u l a r  s u p p o r t  member, 
which h a s  been s t ress  ana lyzed .  M a t e r i a l s  c o n s i d e r e d  i n c l u d e d  
t i t a n i u m  and s t a i n l e s s  s t e e l .  S i n c e  n e i t h e r  m a t e r i a l  was found 
t o  be r e a d i l y  a v a i l a b l e  i n  t h e  r e c t a n g u l a r  shape r e q u i r e d ,  i t  was 
dec ided  t h a t  f o r  t h i s  program t h i s  member would be f a b r i c a t e d  of 
mi ld  s t e e l  and would be c o a t e d ,  i f  n e c e s s a r y ,  t o  p r o t e c t  a g a i n s t  
c o r r o s i o n .  A t  t h i s  t ime o n l y  t h e  e t h y l e n e  ox ide  exposure w i t h  
50% r e l a t i v e  humid i ty  appea r s  t o  i n t r o d u c e  a c o r r o s i o n  problem. 
A c o a t i n g  of z i n c  chromate p r imer  shou ld  e l i m i n a t e  t h e  problem. 
On t h e  bas i s  of t h e  s t r e s s  a n a l y s i s  t h e  c r o s s  s e c t i o n  of t h e  
t a n k  suppor t  member i s  1.5 i n ,  by 2.5 i n ,  r e c t a n g u l a r  w i t h  a w a l l  
t h i c k n e s s  of 0.125 i n .  
The d e s i g n  l a y o u t  was completed and was submi t t ed  t o  JPL f o r  
review and approva l .  D e t a i l  d e s i g n  work w i l l  p r o g r e s s  u s i n g  t h i s  
c o n f i g u r a t i o n  as component f i n a l  s e l e c t i o n s  a r e  made. An a r t i s t ' s  
concept  o f  t h e  completed module i s  shown i n  F i g .  4 .  
3 .  System Analysis  and Design C r i t e r i a  
During t h e  r e p o r t  p e r i o d  c o n s i d e r a b l e  system a n a l y s i s  was con- 
duc ted  i n  support  of system l a y o u t  and d e s i g n  and component s e l e c -  
t i o n .  Ana lys i s  t h a t  was conducted i n c l u d e d  p r o p e l l a n t  t a n k  s i z i n g  
and g a s  s t o r a g e  c o n t a i n e r  s i z e  v e r i f i c a t i o n .  I n v e s t i g a t i o n s  were 
made i n t o  two p o t e n t i a l  problem a r e a s ,  p r o p e l l a n t  decomposi t ion 
and o x i d i z e r  (NTO) f r e e z i n g .  
The p r o p e l l a n t  t ank  s i z i n g  a n a l y s i s  was conducted t o  d e t e r -  
mine t h e  m i n i m u m  a l l o w a b l e  volumes and proof  and b u r s t  p r e s s u r e s  
f o r  each tank.  The t a n k  volume c a l c u l a t i o n s  c o n s i d e r e d  t h e  f o l -  
lowing : 
1) P r o p e l l a n t  mass loaded ,  75.95 l b  of o x i d i z e r  and m 
48.48 l b  of f u e l ;  m 
2) Approximate volume of t h e  e x p u l s i o n  d e v i c e ,  5%; 
3) 5% u l l a g e  volume a t  s t e r i l i z a t i o n  t e m p e r a t u r e ;  
4 )  P r o p e l l a n t  expansion from room t e m p e r a t u r e  (70'F) t o  
s t e r i l i z a t i o n  t empera tu re  (285'F), 41.X f o r  o x i d i z e r  
and 14% f o r  f u e l .  
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The r e s u l t s  of t h e s e  c a l c u l a t i o n s  a r e  shown i n  Tab le  5.  The min- 
i m u m  proof and b u r s t  p r e s s u r e s  f o r  t h e  t a n k s  c o n s i d e r e d  t h e  w o r s t  
c o n d i t i o n s  of t a n k  p r e s s u r e  and t empera tu re  and s a f e t y  f a c t o r s  of 
2 and 4 f o r  y i e l d  and u l t i m a t e ,  r e s p e c t i v e l y .  
i n  t h e  o x i d i z e r  t a n k  was a p r e s s u r e  of 945 p s i a  a t  t h e  s e l e c t e d  
s t e r i l i z a t i o n  d e s i g n  t empera tu re  of 285°F. A 400 p s i a  t a n k  p r e s -  
s u r e  a t  room t empera tu re  r e s u l t i n g  from t h e  b u r s t  d i s c  s e t t i n g  was 
c o n s i d e r e d  as t h e  wors t  c o n d i t i o n  f o r  t h e  f u e l  t a n k .  The minimum 
proof and b u r s t  p r e s s u r e s  a t  room t empera tu re  f o r  t h e  o x i d i z e r  and 
f u e l  t a n k s  are a l s o  p r e s e n t e d  i n  Table  5 .  S i n c e  t h e s e  v a l u e s  a r e  
g i v e n  a t  room t empera tu re ,  the  o x i d i z e r  t a n k  proof and b u r s t  p res -  
sure  i n c l u d e  a margin f o r  v e r i f i c a t i o n  up  t o  285°F. 
The worst  c o n d i t i o n  
Tab le  5 R e s u l t s  of P r o p e l l a n t  S i z i n g  Ana lys i s  
S i z i n g  Pa rame te r s  O x i d i z e r  Tank Fue l  Tank 
Tank Volumes (cu i n , )  2294.27 1938.82 
Worst O p e r a t i n g  Cond i t ion  945 p s i a  400 p s i a  
@ 285°F @ 70°F 
Test Cond i t ions  @ 70°F ( p s i a )  
O p e r a t i n g  1027* 400 
Proof 2054 80 0 
Burs t  4108 1600 
I W a t e r i a l  s t r e n g t h  a t  285°F i s  92% of t h e  strength-@ 70'F. 
n a r y  s e l e c t i o n  of t h e  p r e s s u r a n t  s t o r a g e  c o n t a i n e r  and p r e s s u r a n t  
i s o l a t i o n  (ordnance) v a l v e .  Th i s  a n a l y s i s  was conducted t o  de- 
t e rmine  t h e  amount of n i t r o g e n  r e q u i r e d  f o r  p r e s s u r i z a t i o n  and 
t o  de t e rmine  i f  t h e  s i z e  of t h e  s e l e c t e d  c o n t a i n e r  a t  t h e  s e l e c t e d  
loaded  c o n d i t i o n s  was adequate  f o r  t h e  p r e s s u r i z a t i o n  of t h e  pro-  
p e l l a n t  t a n k s .  For a 1728-cu-in.  s p h e r e ,  t h e  loaded c o n d i t i o n  
w a s  s e l e c t e d  t o  be ambient t e m p e r a t u r e  (70°F) and a p r e s s u r e  of 
1850 - + 50 p s i a .  
l oaded  s p h e r e  p r e s s u r e  were: 
The p r e s s u r a n t  s t o r a g e  a n a l y s i s  was conducted a f t e r  p r e l i m i -  
The primary f a c t o r s  c o n s i d e r e d  i n  s e l e c t i n g  t h e  
1) Sphere d e s i g n  p r e s s u r e s  a t  70°F f o r  e x i s t i n g  s p h e r e ;  
20 
r 
S t o r a g e  C o n t a i n e r  Parameters  O x i d i z e r  Run F u e l  Run 
I n i t i a l  P r e s s u r e  ( p s i a )  1800 .O 1800 .O 
F i n a l  P r e s s u r e  ( p s i a )  760 .O 731 .O 
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2) Requi red  ordnance  v a l v e  s a f e t y  f a c t o r s  of 1.5 and 2 .5  
and an ordnance v a l v e  proof  p r e s s u r e  of  5400 p s i a  and 
b u r s t  p r e s s u r e  of 8000 p s i a  a t  70'F; 
3) A margin t o  v e r i f y  t h e  proof  and b u r s t  p r e s s u r e s  up 
t o  a t empera tu re  of 285'F was c o n s i d e r e d .  
A p r o p e l l a n t  t a n k  p r e s s u r i z a t i o n  and thermodynamics computer  
program (Mart in  Program OD041)  was used t o  perform t h e  p r e s s u r a n t  
s t o r a g e  a n a l y s i s .  Th i s  camputer  program was used t o  s i m u l a t e  t h e  
expec ted  t e s t  f i r i n g .  The s i m u l a t e d  t e s t  f i r i n g  c o n s i s t e d  of a 
100-sec  p r e p r e s s u r i z a t i o n  p e r i o d  fo l lowed  by a 300-sec burn (pro-  
p e l l a n t  ou t f low)  p e r i o d .  The p r e p r e s s u r i z a t i o n  t i m e  of a 100 sec 
was approximate ly  t h e  t i m e  r e q u i r e d  f o r  p r e p r e s s u r i z a t i o n  a t  t h e  
maximum n i t r o g e n  ;low r a t e .  The burn  t i m e  of 300-sec i s  a d e s i g n  
r equ i r emen t .  Because of a computer program l i m i t a t i o n ,  t h e  p r e s -  
s u r i z a t i o n  and p r o p e l l a n t  s t o r a g e  system was s i m u l a t e d  by a n i t r o -  
gen s p h e r e  supp ly ing  n i t r o g e n  t o  one p r o p e l l a n t  t a n k  i n s t e a d  of  
two t a n k s .  The volume of t h e  s i n g l e  t a n k  was e q u a l  t o  t h e  t o t a l  
volume o f  both f u e l  and o x i d i z e r  t a n k s .  Two runs  were made; one 
r u n  u s i n g  o x i d i z e r  (NTO) and t h e  o t h e r  r u n  u s i n g  f u e l  (MMH).  The 
computer program c a l c u l a t e d  t h e  p r e s s u r e  and t empera tu re  i n  b o t h  
t h e  n i t r o g e n  c o n t a i n e r  and t h e  p r o p e l l a n t  t a n k .  It a l s o  c a l c u -  
l a t e d  t h e  n i t r o g e n  mass i n  t h e  s t o r a g e  c o n t a i n e r  and t h e  n i t r o g e n  
and p r o p e l l a n t  masses i n  t h e  p r o p e l l a n t  t a n k  as a f u n c t i o n  of t i m e .  
The r e s u l t s  of t h e  p r e s s u r a n t  s t o r a g e  a n a l y s i s ,  p r e s e n t e d  i n  
Tab le  6 ,  v e r i f i e d  t h a t  t h e  s e l e c t e d  n i t r o g e n  s p h e r e  s i z e  and loaded  
c o n d i t i o n s  were adequa te  f o r  p r e s s u r i z i n g  t h e  l a r g e s t  of t h e  can-  
d i d a t e  p r o p e l l a n t  t a n k s .  
T o t a l  Mass GN Loaded (lb,) 6 . 5 3  6 . 5 3  
T o t a l  Mass GN Used l b  3.44 3.56 
Res idua l  Mass GN2 (lb,) 3.09 2.97 
2 
2 ( m )  
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The f i n a l  s t o r a g e  c o n t a i n e r  p r e s s u r e s  i n  b o t h  r u n s  were wel l  above 
t h e  minumum a l l o w a b l e  n i t r o g e n  s p h e r e  p r e s s u r e  of 400 ps i a .  The 
f u e l  run gave s l i g h t l y  lower f i n a l  n i t r o g e n  s p h e r e  p r e s s u r e  and 
s l i g h t l y  h i g h e r  n i t r o g e n  usage v a l u e s  t h a n  d i d  t h e  o x i d i z e r  run .  
These r e s u l t s  were due p r i m a r i l y  t o  t h e  way t h e  p r o p e l l a n t  expu l -  
Illlo O l l l l u ~ a ~ ~ ~ .  Tile f u e i  run s i m u l a t e d  p r o p e l l a n t  e x p u l s i o n  
u s i n g  a diaphragm i n  t h e  tank and t h e  o x i d i z e r  run  used a s c r e e n ,  
A f t e r  o b t a i n i n g  n i t r o g e n  and p r o p e l l a n t  mass f low r a t e s ,  l i n e  s i z -  
i n g  was completed w i t h  t h e  s e l e c t i o n  of  114- in .  g a s  l i n e s  and 112- 
i n .  p r o p e l l a n t  l i n e s .  
.-inn -:-..1 - L - J  
A s  a p a r t  of t h e  p r e s s u r a n t  s t o r a g e  a n a l y s i s ,  t h e  p o s s i b i l i t y  
of f r e e z i n g  o x i d i z e r  (NTO) d u r i n g  module p r o p e l l a n t  e x p u l s i o n  was 
i n v e s t i g a t e d .  During p r e s s u r a n t  s p h e r e  blowdown, t h e  t empera tu re  
of  t h e  n i t r o g e n  e n t e r i n g  the t a n k  c o u l d  p o s s i b l y  drop below t h e  
o x i d i z e r  f r e e z i n g  t empera tu re ,  and t h e r e f o r e ,  cou ld  r e s u l t  i n  some 
NTO f r e e z i n g .  
The p r e s s u r i z a t i o n  and p r o p e l l a n t  e x p u l s i o n  of t h e  o x i d i z e r  
t a n k  was s i m u l a t e d  u s i n g  the  same computer program t h a t  w a s  used 
f o r  t h e  p r e s s u r a n t  s t o r a g e  a n a l y s i s .  The r e s u l t s  of t h i s  i n v e s t i -  
g a t i o n  i n d i c a t e d  t h a t  wh i l e  t h e  n i t r o g e n  e n t e r i n g  t empera tu re  
dropped approx ima te ly  t o  t h e  f r e e z i n g  t empera tu re  of t h e  o x i d i z e r  
(472"R) ,  t h e  o x i d i z e r  t empera tu re  o n l y  dropped 2"R from i t s  i n i -  
t i a l  t e m p e r a t u r e  of 530"R.  
i n  l i q u i d  t empera tu re  was due t o  t h e  h i g h  h e a t  c a p a c i t y  of no t  
o n l y  t h e  l i q u i d  b u t  t h e  p r o p e l l a n t  t a n k .  Another,  bu t  l e s s  s i g -  
n i f i c a n t ,  f a c t o r  t h a t  a t t r i b u t e d  t o  t h e  small l i q u i d  t empera tu re  
d r o p  was t h e  i n c r e a s e  i n  u l l a g e  t e m p e r a t u r e  d u r i n g  p r e p r e s s u r i z a -  
t i o n .  During p r e p r e s s u r i z a t i o n  t h e  u l l a g e  g a s e s  were compressed 
and t h e  t e m p e r a t u r e  i n c r e a s e d .  T h i s  warmed i n s t e a d  of coo led  t h e  
l i q u i d .  Th i s  f a c t o r  i s  l e s s  s i g n i f i c a n t  because even i f  t h e  u l l -  
age t empera tu re  was allowed t o  cool  down, t h e  h i g h  h e a t  capac i t i e s  
of b o t h  t h e  l i q u i d  and t a n k  are  s u f f i c i e n t  t o  keep t h e  l i q u i d  from 
f r e e z i n g .  
The main r e a s o n  f o r  t h i s  small  drop 
Another p o t e n t i a l  problem i n v o l v e s  t h e  amount of noncondensi-  
b l e  g a s  t h a t  might  be produced from MMH d u r i n g  t h e  h e a t  s t e r i l i z a -  
L L u L L  L C Z ~ L ~ .  It i s  a l s o  a n c i c i p a t e d  t h a t  t h e  a n a l y t i c a l  de t e rmina -  
t i o n  of t h e  r a t e  and t o t a l  q u a n t i t y  produced i s  n o t  p o s s i b l e  wi th -  
i n g  r e a s o n a b l e  accu racy  l i m i t s .  The b e s t  s o l u t i o n  t o  t h e  problem 
would be t o  t a k e  gas  samples a f t e r  a component l e v e l  h e a t  s t e r i l -  
i z a t i o n  t e s t ,  and ana lyz ing  t h e s e  gas  samples  t o  p rov ide  t h e  nec- 
e s s a r y  answers .  
+:-- L _ - L -  
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A system d e s i g n  c r i t e r i o n  was i n i t i a t e d  and a p r e l i m i n a r y  d r a f t  
was completed d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  Th i s  document w i l l  
t a k e  t h e  form of a model s p e c i f i c a t i o n ;  and a long  w i t h  t h e  system 
d e s i g n  l ayou t  and d e t a i l  d e s i g n s ,  w i l l  comple t e ly  d e f i n e  t h e  p ro -  
p u l s i o n  system. The type  of d a t a  provided by t h e  d e s i g n  c r i t e r i a  
document inc ludes  : 
1) Propu l s ion  system d e s c r i p t i o n ;  
2) Engine d e s c r i p t i o n ;  
3) Component d e s c r i p t i o n ;  
4 )  Sys  tem performance r equ i r emen t s ;  
5) I n t e r f a c e  r equ i r emen t s ;  
6) Design s a f e t y  f a c t o r s .  
The p r e l i m i n a r y  d r a f t  c o n t a i n s  o n l y  a g e n e r a l  d e s c r i p t i o n  of 
t h e  p r o p u l s i o n  system and s p e c i f i e s  env i ronmen ta l ,  s a f e t y  f a c t o r s ,  
and system performance r e q u i r e m e n t s ,  T h i s  document does n o t  y e t  
g i v e  a' complete d e s c r i p t i o n  of eng ine  and components. The f i n a l  
d r a f t  of t h e  system d e s i g n  c r i t e r i a  document w i l l  be completed 
a f t e r  engine and component s e l e c t i o n  i s  completed.  
D .  COMPONENT DESIGN AND ANALYSIS 
A s  t h e  system schemat i c  became f i r m  and t h e  d e s i g n  l a y o u t  p ro -  
g r e s s e d ,  i n v e s t i g a t i o n s  were s t a r t e d  t o  l o c a t e  q u a l i f i e d  components 
f o r  t h e  system. Requests  f o r  s u p p l i e r  p r o p o s a l s  were i s s u e d  on a l l  
components of t h e  system excep t  f o r  t h e  e x p u l s i o n  d e v i c e s .  
c a s e  of expu l s ion  d e v i c e s ,  i t  was c e r t a i n  t h a t  hardware t o  meet 
t h e  system requ i r emen t s  d i d  n o t  e x i s t  and would have t o  be manu- 
f a c t u r e d  t o  meet a s p e c i f i c  r equ i r emen t .  Component s p e c i f i c a t i o n s  
were w r i t t e n  t o  d e s c r i b e  t h e  d e v i c e s  t h a t  were i n i t i a l l y  c o n s i d -  
e r e d  a s  a screen f o r  t h e  o x i d i z e r  t a n k  and a diaphragm o r  b l a d d e r  
f o r  t h e  f u e l  t ank .  
I n  t h e  
a 
Cons ide r ing  t h e  s c r e e n  f o r  t h e  o x i d i z e r  t a n k ,  t h e  i n i t i a l  con- 
c e p t  c o n s i s t e d  of a s t a i n l e s s - s t e e l  s c r e e n  of s p h e r i c a l  shape ,  
mounted i n s i d e  t h e  p r o p e l l a n t  t a n k .  The d i a m e t e r  of t h e  s c r e e n  
would be such t h a t  when mounted i n  t h e  t a n k ,  an a n n u l a r  s p a c e  of  
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from 118 t o  114 i n .  would be  p rov ided  between t h e  s c r e e n  and t h e  
t a n k  w a l l .  Th i s  p a r t i c u l a r  c o n f i g u r a t i o n ,  i f  t h e  p r o p e r  s c r e e n  
mesh s i z e  i s  used,  w i l l  a l low p o s i t i v e  e x p u l s i o n  under -1 g con- 
d i t i o n s .  All p r o p e l l a n t  except  t h a t  c o n t a i n e d  i n  t h e  annulus  can 
b e  e x p e l l e d  w i t h  t h e  o u t l e t  a t  t h e  t o p  of the tank; 
A s  t h e  mater ia l s  c o m p a t i b i l i t y  t e s t i n g  p r o g r e s s e d ,  i t  became 
e v i d e n t  t h a t  s t a i n l e s s  s t e e l  was no t  compa t ib l e  w i t h  N 0 a t  275°F. 
A sample of pu re  n i c k l e  s c r e e n  was o b t a i n e d  and it  t o o  was no t  com- 
p a t i b l e .  A t  t h i s  t ime,  no o t h e r  s c r e e n  m a t e r i a l  of t h e  p rope r  mesh 
s i z e  was known t o  e x i s t  so  a diaphragm o r  b l a d d e r  e x p u l s i o n  d e v i c e  
w a s  c o n s i d e r e d .  
2 4  
During t h i s  same pe r iod ,  i n v e s t i g a t i o n s  were b e i n g  made i n t o  
b l a d d e r  m a t e r i a l s  f o r  t h e  f u e l  (MMH) t a n k .  Samples of b u t y l  and 
e t h y l e n e  p ropy lene  r u b b e r  (EPR) were o b t a i n e d  and t e s t e d  w i t h  t h e  
f u e l  a t  e l e v a t e d  t empera tu res .  R e s u l t s  i n d i c a t e d  t h a t  n e i t h e r  m a -  
t e r i a l  shou ld  be used w i t h  f u e l .  Te f lon ,  however, had been t e s t e d  
and d i d  show promise.  Both p r o p e l l a n t  t a n k s  were a t  t h i s  t ime an- 
t i c i p a t e d  t o  be of t i t a n i u m  w i t h  T e f l o n - l a m i n a t e  h e m i s p h e r i c a l  d i a -  
phragms. 
A c r i t i c a l  review by a n  equipment s e l e c t i o n  committee s e t  up 
w i t h i n  t h e  Martin Company r e v e a l e d  s e v e r a l  f a c t s :  
1) Hemisphe r i ca l  diaphragms of T e f l o n  l a m i n a t e  a r e  no t  
s t a t e  of t h e  a r t ;  
2) S p h e r i c a l  b l a d d e r s  of T e f l o n  are developed and a r e  
f l i g h t  q u a l i f i e d  f o r  N 0 and A-50 p r o p e l l a n t s ;  how- 
e v e r ,  t h e y  are a h i g h - c o s t  i tem w i t h  a s h o r t  c y c l e  
l i f e ;  
2 4  
3) S i n c e  s p h e r i c a l  b l a d d e r s  a r e  c o s t l y ,  i t  w i l l  f o l l o w  
t h e n  t h a t  hemisphe r i ca l  b l a d d e r s  cou ld  b o t h  be a de- 
velopment problem and cou ld  be c o s t l y .  
I n  o r d e r  t o  overcome t h e  above problems, t h e  i n c o r p o r a t i o n  of a 
s c r e e n  t r a p  d e v i c e  i s  b e i n g  c o n s i d e r e d  f o r  both p r o p e l l a n t  t anks .  
No compromise of e x p u l s i o n  dev ice  checkout would be r e q u i r e d .  U s -  
i n g  a t r a p  d e v i c e  w i t h  aluminum s c r e e n  of 200x200 mesh, a l i q u i d  
head of  approx ima te ly  5 i n .  c a n  be s u p p o r t e d .  With a t r a p  h e i g h t  
of  l e s s  t h a n  5 i n .  ( F i g .  5 ) ,  a s i g n i f i c a n t  and r e p e a t a b l e  q u a n t i t y  
of p r o p e l l a n t  can be expe l l ed  under -1 g c o n d i t i o n s .  
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Fig.  5 Zero-g Propel lant  Expulsion Screen Assembly 
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1. Component A v a i l a b i l i t y  I n v e s t i g a t i o n  
25 
During t h e  p e r i o d ,  p r o p o s a l s  were r e c e i v e d  from component s u p -  
p l i e r s  and s e l e c t i o n  of s y s t e m  components i s  i n  p r o g r e s s .  Compo- 
n e n t  s e l e c t i o n  g u i d e l i n e s  were e s t a b l i s h e d  l i s t i n g  t e c h n i c a l ,  c o s t ,  
and d e l i v e r y  r equ i r emen t s  and t e n t a t i v e  f i r s t ,  second,  and t h i r d  
c h o i c e  s e l e c t i o n s  are being made. Tab le  7 i s  a sample s e l e c t i o n  
s h e e t .  
Ordnance Valves - T h i s  v a l v e ,  used i n  f i v e  p l a c e s  i n  t h e  s y s -  
t e m ,  i s  b e i n g  s u p p l i e d  by JPL as GFE. Ana lys i s  h a s  i n d i c a t e d  t h a t  
t h e  s t r u c t u r a l  d e s i g n  of t he  v a l v e  i s  compa t ib l e  w i t h  system ope r -  
a t i n g  p r e s s u r e  r equ i r emen t s .  S i n c e  t h e  v a l v e  and s q u i b  have been 
exposed t o  t h e  s t e r i l i z a t i o n  environment w i t h o u t  d e g r a d a t i o n ,  i t  
w i l l  be used i n  t h e  s y s t e m  and no f u r t h e r  s e a r c h  f o r  a v a l v e  w i l l  
be made. It is  a combinat ion of normally open and normally c l o s e d  
v a l v e s  i n  one hous ing  and h a s  been used on t h e  Mar ine r  program. 
So leno id  Valve - A s i n g l e  v a l v e  i s  t o  be used i n  t h e  system 
as a gaseous n i t r o g e n  f i l l  and d r a i n  v a l v e .  F i v e  s u p p l i e r s  pro-  
posed v a l v e  c o n f i g u r a t i o n s  (one d i d  n o t  s u p p l y  enough d a t a  f o r  a 
p r e l i m i n a r y  e v a l u a t i o n )  . I n  a l l  c a s e s ,  o n l y  assembly drawings 
were submi t t ed .  Th i s  p reven ted  a r i g o r o u s  a n a l y s i s  of t o l e r a n c e s  
and thermal  e f f e c t s  on o p e r a t i o n .  None of t h e  d e s i g n s  proposed 
w i l l  meet t h e  system requ i r emen t s  w i t h o u t  some m o d i f i c a t i o n .  Mod- 
i f i c a t i o n  w i l l  be d e t a i l e d  i n  t h e  t e s t  p l a n .  
Gaseous Ni t rogen  Regu la to r  - F i v e  s u p p l i e r s  proposed v a l v e  con- 
f i g u r a t i o n s  t o  meet t h i s  r equ i r emen t .  A l l  p r o p o s a l s  were e v a l u -  
a t e d  and s u p p l i e r s  were c o n t a c t e d  conce rn ing  r e q u i r e d  changes.  
a l l  c a s e s ,  v e r b a l  agreement w a s  r eached  t h a t  t h e  changes would be 
made i f  t h e  component were s e l e c t e d  f o r  t h e  program, Again, de- 
t a i l  drawings were no t  submi t t ed  by t h e  vendors .  T h i s  p reven ted  
an in -dep th  a n a l y s i s  of e f f e c t s  of t h e  s t e r i l i z a t i o n  environment .  
I n  
F i l t e r  - A t o t a l  of f i v e  p r o p o s a l s  were r e c e i v e d  i n  r e sponse  
t o  t h e  RE'P r e q u e s t .  E v a l u a t i o n  i s  b e i n g  made u s i n g  t h e  component 
s e l e c t i ~ n  0 - -  o t i i d e l i n e s : .  An a t t e m p t  w a s  made t o  o b t a i n  an a l l -we lded  
assembly of s t a i n l e s s - s t e e l  c o n s t r u c t i o n .  When it  became a p p a r e n t  
t h a t  s t a i n l e s s  s t e e l  and N204 were n o t  compa t ib l e  a t  e l e v a t e d  tem- 
p e r a t u r e s ,  t h e  f i l t e r s  were removed from t h e  p r o p e l l a n t  f i l l  and 
d r a i n  sys t ems .  
p r o p e l l a n t s  d u r i n g  t h e  s t e r i l i z a t i o n  environment ,  T h i s  p a r t i c u -  
l a r  f i l t e r  was i n t e n d e d  t o  f i l t e r  t h e  incoming p r o p e l l a n t s  d u r i n g  
l o a d i n g .  
l o a d i n g  system o u t s i d e  t h e  i n t e r f a c e .  
I n  t h i s  p o s i t i o n ,  t h e y  would be exposed t o  t h e  
I t s  f u n c t i o n  w i l l  be  accomplished by a f i l t e r  i n  t h e  
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Table 7 Component Se lec t ion  Sheet 
I \ 
\ Component Se lec t ion  C r i t e r i a  Gas Pressure  Regulator 
1. Basic Design Analysis 
a) I n s e n s i t i v i t y  t o  thermal changes 
b) P ro tec t ion  of small o r i f i c e s  
c) Complexity (0 -+ 5) 
d) Sea t  design (0 + 5) 
e )  S t r u c t u r a l  c a p a b i l i t y  (0 + 10) 
(-10 ---t +lo) 
(-10 + +lo) 
2. Ma te r i a l s  of Cons t ruc t ion  - c o m p a t i b i l i t y  
(0 - 10) 
3. Leakage 
a) I n t e r n a l  (0 + 5) 
b) Externa l  (0 ---+ 5) 
4. Performance 
a) Regulation p res su re  bandwidth 
b) Overshoot on lockup (0 -v 5) 
c )  Overshoot on i n l e t  "squib va lve"  
i n i t i a t i o n  (0 4 5) 
d) Pressure  band d r i f t  due t o  envi ron-  
mental changes (0 -+ 5) 
e) Allowable i n l e t  p re s su re  v a r i a t i o n  
(0 ---* 10) 
(0 ---F 10) 
5. Vendor 
a) Previous exper ience  r e q u i r i n g  minimum 
b) Delivery (one nega t ive  f o r  each week 
development (0 4 10) 
p a s t  t a r g e t  da te )  
6 .  Envelope and weight (0 3 5) 
7. Q u a l i f i c a t i o n  S t a t u s  
a) Degree of t e s t i n g  i n  compliance wi th  
b) Changes requi red  (0 --t 20) 
JPL 30250B (0 3 20) 
To ta l  
MCR-6 7 -15 27 
Hand Shu to f f  Valve - A t o t a l  of f o u r  hand v a l v e s  w i l l  be used 
i n  t h e  system. A l l  w i l l  be exposed t o  e i t h e r  p r o p e l l a n t  l i q u i d  o r  
vapor .  P r o p o s a l s  f o r  t h i s  component were r e c e i v e d  from f o u r  s u p -  
p l i e r s .  A l l  proposed components were of s t a i n l e s s - s t e e l  c o n s t r u c -  
t i o n .  Again, when t h e  s t a i n l e s s - s t e e l  i n c o m p a t i b i l i t y  w i t h  o x i -  
d i z e r  became known, a l l  p r o p o s a l s  were r e j e c t e d .  The o r i g i n a l  re- 
q u e s t  f o r  p r o p o s a l s  was r e v i s e d  t o  r e q u i r e  v a l v e s  c o n s t r u c t e d  of 
aluminum o r  t i t a n i u m  and was r e s u b m i t t e d  t o  t h e  s u p p l i e r s .  A t  t h i s  
time, o n l y  one p roposa l  a c c e p t a b l e  f o r  e v a l u a t i o n  has  been r e c e i v e d .  
T h i s  p a r t i c u l a r  d e s i g n  i s  of a l l  aluminum c o n s t r u c t i o n ,  i n c l u d i n g  
an aluminum-bellows stem s e a l .  It h a s  n o t  been p r e v i o u s l y  manu- 
f a c t u r e d  by t h e  s u p p l i e r ,  and i s  an e x a c t  d u p l i c a t e  of an e x i s t -  
i n g  s t a i n l e s s - s t e e l  d e s i g n .  
M a r t i n  i s  making a d d i t i o n a l  e f f o r t s  t o  f i n d  an a c c e p t a b l e  de- 
s i g n  t h a t  can be a v a i l a b l e  a t  t h e  t i m e  of f i n a l  component s e l e c t i o n .  
P r o p e l l a n t  and Gaseous N i t r o g e n  Tanks .-  P r o p o s a l s  f o r  b o t h  pro-  
p e l l a n t  and gaseous n i t r o g e n  s t o r a g e  v e s s e l s  have been r e c e i v e d  
from t h r e e  s u p p l i e r s .  A t  t h i s  t ime ,  t i t a n i u m  t a n k s  a r e  f a v o r e d  
i n  a l l  p o s i t i o n s  due t o  t h e  c o m p a t i b i l i t y  and h i g h  s t r e n g t h - t o -  
weight  r a t i o .  Tanks a r e  a v a i l a b l e  a l s o  i n  s t a i n l e s s  s t e e l  and 
aluminum. Aluminum t a n k s ,  w h i l e  t h e y  are compa t ib l e ,  a r e  heavy 
and are n o t  c u r r e n t l y  i n  p roduc t ion  by any s u p p l i e r ,  a l t hough  sup- 
p l ie rs  w i l l  b u i l d  t o  o r d e r .  
2 .  Component F i n a l  S e l e c t i o n  
During t h e  n e x t  r e p o r t i n g  p e r i o d ,  a f i n a l  s e l e c t i o n  w i l l  be 
made f o r  each system component. I n  g e n e r a l ,  o n l y  a s i n g l e  c o n f i g -  
u r a t i o n  of each t y p e  of component w i l l  b e  s e l e c t e d ,  d e s p i t e  more 
t h a n  one usage l o c a t i o n  i n  t h e  system. The component-level t e s t  
phase r e q u i r e s  i n d i v i d u a l  components of each type  found i n  t h e  
f i n a l  system t o  be exposed t o  t h e  s t e r i l i z a t i o n  environment f o r  
twice t h e  t i m e  r e q u i r e d  of t h e  system. During t h i s  t e s t ,  each 
component w i l l  be  a l s o  exposed t o  t h e  f l u i d  i t  w i l l  no rma l ly  con- 
t ac t  i n  t h e  system assembly, Tab le  8 l i s t s  t h e  component r e q u i r e -  
ments  f o r  b o t h  component-level and s y s t e m - l e v e l  t e s t i n g .  
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Tab le  8 Program Component Requirements 
C om p on en t 
Ordnance Valve 
So leno id  Valve 
GN Regu la to r  2 
F i l t e r  
Hand Valve 
P r o p e l l a n t  Tanks w i t h  Expul- 
s i o n  Devices 
GN2 Tanks 
Engine 
T h r o t t l i n g  Valve (Engine) 
2 om po nen t 
Test 
System 
T e s t  
~ 
5 
1 
1 
3 
4 
2 
1 
1 
0 
T o t a l  
Required 
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E .  MATERIAL INVESTIGATION 
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S i x  p r i n c i p a l  a r e a s  of a t t e n t i o n  were c o n s i d e r e d  d u r i n g  t h i s  
r e p o r t  p e r i o d .  They included : 
1) A l i t e r a t u r e  s e a r c h  t o  p reven t  redundant  t e s t i n g  and 
t o  a s s i s t  i n  e s t a b l i s h i n g  t e s t  p r o c e d u r e s ;  
e l i m i n a t e  m a t e r i a l s  from f u r t h e r  c o n s i d e r a t i o n ;  
I s o l a t i o n  p r e s c r e e n i n g  t e s t s  c o n s i s t i n g  of unplanned 
t e s t s  t o  o b t a i n  a d d i t i o n a l  d e t a i l s  r e g a r d i n g  t h e  ad- 
d u c t  fo rma t ion  i n  N 0 when i n  c o n t a c t  w i t h  s t e e l s ;  
4 )  S c r e e n i n g  t e s t s  (300 h r )  f o r  e a r l y  m a t e r i a l s  d e s i g n  
5) 
2) P r e s c r e e n i n g  t e s t s  t o  y i e l d  s h o r t  t e r m  d a t a  t h a t  would 
3) 
2 4  
i n fo rma t  i o n  ; 
R e a c t i v i t y  t e s t s  of  e t h y l e n e  ox ide  atmosphere w i t h  
p r o p e l l a n t s  t o  e s t a b l i s h  d e s i g n  c r i t e r i a  f o r  t h e  l e a k  
d e t e c t o r s ;  
Vapor p r e s s u r e  d e t e r m i n a t i o n  of p r o p e l l a n t s .  6 )  
Each of  t h e  above w i l l  be d i s c u s s e d  f u r t h e r .  
1. L i t e r a t u r e  Sea rch  
The i n i t i a l  s t u d y  was conf ined  t o  d e t e r m i n i n g  which m a t e r i a l s  
would be t h e  most promising c a n d i d a t e s  f o r  c o n s t r u c t i o n  of  t h e  
p r o p u l s i o n  module. Exposure t o  t h e  p r o p e l l a n t s  and t h e  atmosphere 
a t  e l e v a t e d  t e m p e r a t u r e s  was c o n s i d e r e d .  
a .  P r o p e l l a n t  C o m p a t i b i l i t y  
I n i t i a l  r ev iew of t h e  p o t e n t i a l  m a t e r i a l s  of c o n s t r u c t i o n  
was conducted us ing  i n f o r m a t i o n  developed d u r i n g  t h e  T i t a n  
I1 program. M a t e r i a l s  t h a t  were p r e v i o u s l y  not  compa t ib l e  
w i t h  N,04 o r  t h e  UDMH/hydrazine blend were no t  c o n s i d e r e d  
f u r t h e r .  
L 
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The most promis ing  c a n d i d a t e  m a t e r i a l s  were t h e n  r e s e a r c h e d  
f u r t h e r  f o r  a d d i t i o n a l  d a t a .  These m a t e r i a l s  a r e :  
304L S t a i n l e s s  S t e e l  H a s t e l l o y  C 
321 S t a i n l e s s  S t e e l  Ca rpen te r  20 Cb 
17-4PH (H1075) S t a i n l e s s  S t e e l  Maraging S t e e l  
6AL-4V Ti tan ium Al loy  T e f l o n  (TFE) 
Important  o r  unusua l  f a c e t s  of c o m p a t i b i l i t y  d a t a  conce rn ing  
each  of t h e  c a n d i d a t e  m a t e r i a l s  i s  l i s t e d  below, f i r s t  f o r  MMH, 
t h e n  f o r  NTO.  
1) Monomethylhydrazine (MMH) 
Only a l i m i t e d  amount of  d a t a  i s  a v a i l a b l e  on t h e  
p r o p e l l a n t  a t  e i t h e r  room o r  e l e v a t e d  t e m p e r a t u r e s .  
Because of  t h i s  l a c k  of i n f o r m a t i o n ,  a su rvey  of 
m a t e r i a l s  c o m p a t i b i l i t y  w i t h  hydraz ine  was conducted 
t o  p r e d i c t  MMH m a t e r i a l s  c o m p a t i b i l i t y .  S i n c e  t h e  
chemical  p r o p e r t i e s  of MMH and hydraz ine  a r e  q u i t e  
s i m i l a r  and hydraz ine  p r e s e n t s  t h e  more c r i t i c a l  
c o n d i t i o n  due t o  i t s  g r e a t e r  r e a c t i v i t y ,  i t  was a s -  
sumed f o r  t h i s  program t h a t  , t h e i r  c o m p a t i b i l i t y  c h a r -  
a c t e r i s t i c s  a r e  i n t e r c h a n g e a b l e .  I n  a d d i t i o n ,  a re- 
view o f  t h e  c o m p a t i b i l i t y  o f  t h e s e  m a t e r i a l s  w i t h  
UDMH r e v e a l e d  no d i s c r e p a n c i e s  i n  t h e  d a t a .  
304 and 321 S t a i n l e s s  S t e e l  (MMH) - These a l l o y s  
were s e l e c t e d  because t h e y  e x h i b i t  good w e l d a b i l i t y  
c h a r a c t e r i s t i c s  and a r e  l e s s  s u s c e p t i b l e  t o  i n t e r -  
g r a n u l a r  a t t a c k  o r  s t r e s s  c o r r o s i o n  t h a n  most o t h e r  
300 s e r i e s  s t a i n l e s s  s t e e l s .  I n  g e n e r a l ,  hydraz ine  
s o l u t i o n s  a l o n e  e x h i b i t  l i t t l e  o r  no c o r r o s i v e  e f -  
f e c t  on s t a i n l e s s  s t e e l s .  However, s t a i n l e s s  s t e e l s  
c o n t a i n i n g  more t h a n  0.5 p e r c e n t  molybdenum a r e  no t  
recommended. 
An Aero je t  r e p o r t  (Ref 4) p o i n t s  t o  i n c o m p a t i b i l i t y  
due t o  appa ren t  decomposi t ion ,  which was i n d i c a t e d  
by h i g h e r  vapor  p r e s s u r e s .  However, w e  no ted  a con-  
s i d e r a b l e  d i f f e r e n c e  i n  p r e s s u r e s  between two iden -  
t i c a l  t e s t  r u n s .  C a t a l y t i c  decompos i t ion  was prob-  
a b l y  involved  because of t h e  p r e s e n c e  of  contamina-  
t i o n .  T h e r e f o r e ,  t h e s e  d a t a  a r e  q u e s t i o n a b l e .  
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The Defense Metals  I n f o r m a t i o n  C e n t e r  (DMIC) (Ref 5) 
l i s t s  304 and 321 s t a i n l e s s  s t e e l  a s  C l a s s  1 i n  both 
l i q u i d  and gaseous h y d r a z i n e  a t  140°F. MMH was de-  
s c r i b e d  a s  compatible  w i t h  304 and 321 s t a i n l e s s  
n t n n l  
Y L C b A .  
Rocketdyne (Ref 6) l i s t s  304 and 321 s t a i n l e s s  s t e e l  
a s  a compatible  m a t e r i a l  w i t h  hydraz ine  i f . t h e  me ta l  
h a s  been p r o p e r l y  c l e a n e d .  
17-4PH S t a i n l e s s  S t e e l  (MMH) - T h i s  m a t e r i a l  was 
s e l e c t e d  because i t  p o s s e s s e s  good w e l d a b i l i t y  prop- 
e r t i e s ,  i s  e a s i l y  f a b r i c a t e d ,  and e x h i b i t s  good c o r -  
r o s i o n  and h e a t  r e s i s t a n c e .  I t s  s t r e n g t h - t o - w e i g h t  
r a t i o  i s  s u p e r i o r  t o  t h e  300 and 400 s e r i e s  s t a i n l e s s  
s t e e l s .  Aero je t  (Ref 4) shows a p r e s s u r e  i n c r e a s e  
from 9 p s i  t o  17 p s i  a f t e r  s t o r a g e  i n  a 17-4 t a n k  
a f t e r  17 days s t o r a g e  a t  160°F. DMIC (Ref 5) l i s t s  
t h i s  a l l o y  a s  C l a s s  1 when exposed t o  hydraz ine  a t  
140 OF. 
A-286 (MMH) - This  a l l o y  p o s s e s s e s  many c h a r a c t e r i s t i c s  
t h a t  enhance i t s  v a l u e  a s  a tankage o r  s t r u c t u r a l  ma- 
t e r i a l  f o r  MMH a t  e l e v a t e d  and ambient t e m p e r a t u r e s .  
The w e l d a b i l i t y ,  r e sponse  t o  h e a t  t r e a t m e n t ,  and 
o t h e r  manufactur ing p r o c e s s e s  a r e  e x c e l l e n t .  The most 
s i g n i f i c a n t  c h a r a c t e r i s t i c  of t h i s  m a t e r i a l  i s  i t s  
r e s i s t a n c e  t o  s t ress  c o r r o s i o n .  T h i s  p r o p e r t y  may 
be of importanc'e i n  t h i s  program. Rocketdyne (Ref 
6) l i s t s  t h e  m a t e r i a l  a s  compa t ib l e  w i t h  hydraz ine  
i f  i t  i s  c l eaned  p r o p e r l y .  
T i t a n i u m  6AL-4V (MMH) - This  a l l o y  of  t i t a n i u m  pos- 
s e s s e s  e x c e l l e n t  mechanical  p r o p e r t i e s  and good e l e -  
v a t e d  t empera tu re  c h a r a c t e r i s t i c s .  I t s  h i g h  s t r e n g t h -  
to-weight  r a t i o  and w e l d a b i l i t y  a r e  p a r t i a l  r e a s o n s  
f o r  i t s  use  i n  such  a p p l i c a t i o n s  a s  t h e  T i t a n  I I I C  
t r a r ; s t a g c .  
i t s  s u i t a b i l i t y  a t  160°F i s  a l s o  a t t e s t e d  t o  by DMIC 
(Ref 5) and Rocketdyne (Ref 6 ) .  
I:: Idd,itiC?r! t L 1  many Marti3 ccmper?y repClrts; 
H a s t e l l o y  C (MMH) - H a s t e l l o y  C combines h i g h  tempera- 
t u r e  p r o p e r t i e s  and e x c e l l e n t  c o r r o s i o n  r e s i s t a n c e  t o  
become a p o t e n t i a l l y  v a l u a b l e  m a t e r i a l  f o r  ae rospace  
a p p l i c a t i o n s .  It i s  a v a i l a b l e  i n  b o t h  wrought and 
and c a s t  forms. DMIC (Ref 9) l i s t s  H a s t e l l o y  C a s  a 
C l a s s  1 m a t e r i a l  i n  l i q u i d  hydraz ine  a t  125°F; how- 
ever, Rocketdyne (Ref  6 and 7) c o n t r a d i c t s  the DMIC 
r a t i n g  and l i s t s  i t  a s  u n s u i t a b l e  f o r  hydraz ine  ex- 
posu re .  
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C a r p e n t e r  20Cb (MMH) - The c h i e f  v a l u e  of C a r p e n t e r  
20Cb i s  i t s  h i g h  c o r r o s i o n  r e s i s t a n c e .  It h a s  been 
used wide ly  i n  t h e  chemica l ,  petroleum, and pha r -  
m a c e u t i c a l  i n d u s t r i e s .  A s  a weldment, t h e  a d d i t i o n  
of  columbium minimizes c a r b i d e  p r e c i p i t a t i o n  s o  t h a t  
a s s e m b l i e s  may be used i n  t h e  as-welded c o n d i t i o n .  
Response t o  f a b r i c a t i o n  and manufac tu r ing  p r o c e s s e s  
i s  s i m i l a r  t o  t h e  18-8 s t a i n l e s s  s t e e l s .  I t s  c h i e f  
d i sadvan tage  i n  ae rospace  a p p l i c a t i o n  i s  i t s  low 
(85,000 p s i  t e n s i l e  s t r e n g t h )  mechanical  p r o p e r t i e s .  
There were no a v a i l a b l e  r e f e r e n c e s  t o  s p e c i f i c  com- 
p a t i b i l i t y  i n  e i t h e r  MMH o r  NTO.  Due t o  i t s  low 
s t r e n g t h - t o - w e i g h t  r a t i o  i t  i s  c o n s i d e r e d  a back-up 
a l l o y  f o r  s e v e r e  c o r r o s i o n  a p p l i c a t i o n .  
Maraging S t e e l  - 18% N i  (MMH) - Although t h i s  e x c e l -  
l e n t  new s t r u c t u r a l  m a t e r i a l  w i l l  f i n d  i t s  p l a c e  i n  
many ae rospace  a p p l i c a t i o n s ,  i t  i s  no t  recommended 
f o r  t ankage  o r  l o n g  s t o r a g e  i n  c o n t a c t  w i t h  MMH. 
The maraging s t e e l  f a m i l y  i s  n o t  c o r r o s i o n  r e s i s t a n t  
and a s  such w i l l  form i r o n  o x i d e  u n l e s s  p r o t e c t e d .  
MMH r e a c t s  c a t a l y t i c a l l y  w i t h  i r o n  o x i d e  and may r e -  
s u l t  i n  v i o l e n t  decomposi t ion and c a t a s t r o p h i c  f a i l u r e  
of t h e  s t o r a g e  v e s s e l .  
T e f l o n ,  TFE (MMH) - T e f l o n  p o s s e s s e s  e x c e l l e n t  t h e r m a l  
and chemical  r e s i s t a n c e  p r o p e r t i e s .  It h a s  been 
wide ly  u s e d  i n  t h e  a e r o s p a c e  i n d u s t r y  f o r  b o t h  p ro -  
p e l l a n t  and h i g h  t e m p e r a t u r e  a p p l i c a t i o n s .  
Mechanical p r o p e r t i e s  v a r y  c o n s i d e r a b l y  w i t h  t h e  t y p e  
of molding powder used and t h e  deg ree  of  c r y s t a l l i n i t y  
achieved d u r i n g  s i n t e r i n g .  A p p l i c a t i o n  of  t h i s  mate- 
r i a l  t o  a p a r t i c u l a r  d e s i g n  shou ld  be c a r e f u l l y  con- 
s i d e r e d  because of i t s  i n h e r e n t  c o l d  f low c h a r a c t e r -  
i s t i c s .  
DMIC (Ref 5)  l i s t s  t h i s  m a t e r i a l  a s  C l a s s  1 w i t h  hydra -  
z i n e  a t  140°F.  Rocketdyne, (Ref 6) l i s t s  T e f l o n  a s  
compa t ib l e  w i t h  h y d r a z i n e ,  w i t h  o n l y  a s m a l l  d e c r e a s e  
i n  p h y s i c a l  p r o p e r t i e s  a f t e r  s even  weeks e x p o s u r e .  
Aero je t  (Ref 4 )  i n d i c a t e s  no a p p a r e n t  change a f t e r  ex -  
posure t o  MMH a t  160°F f o r  one week. 
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C o m p a t i b i l i t y  and Decomposition o f  MMH - A d d i t i o n a l  
i n f o r m a t i o n  of v a l u e  t o  t h e  program was noted i n  
t h e  O l i n  Chemical D i v i s i o n  (Ref 8) product  d a t a  on 
MMH h a n d l i n g  and s t o r a g e .  
The O l i n  r e p o r t  s t a t e s :  
There has been v e r y  l i t t l e  work done on the  com- 1 1  
p a t i b i l i t y  o f  v a r i o u s  m a t e r i a l s  w i t h  MMH. The a c -  
c e p t a b i l i t y  of  m a t e r i a l s  i n  c o n t a c t  w i t h  MMH de- 
pends upon t h e  s p e c i f i c  a p p l i c a t i o n  f o r  which t h e y  
a r e  in t ended .  The r equ i r emen t s  f o r  long-term 
s t o r a g e  d i f f e r  c o n s i d e r a b l y  from t h o s e  p e r t a i n i n g  
t o  a p i ece  of  equipment used one t ime .  An oc-  
c a s i o n a l  p e c u l i a r  usage may make it  d e s i r a b l e  t o  
u t i l i z e  a m a t e r i a l  which i s  n o t  g e n e r a l l y  recom- 
mended. 
C a t a l y t i c  decomposi t ion can  be caused by c o n t a c t  
w i t h  r u s t ,  molybdenum, copper  and i t s  a l l o y s ,  and 
spontaneous f i r e  w i l l  r e s u l t .  When a f i l m  of MMH 
comes i n  c o n t a c t  w i t h  c e r t a i n  m e t a l l i c  o x i d e s ,  
p a r t i c u l a r l y  t h o s e  of  i r o n ,  coppe r ,  l e a d ,  and 
manganese, i t  may cause  t h e  MMH t o  decompose due 
t o  a chemical  h e a t  of decomposi t ion.  T h i s  h e a t  
may be s u f f i c i e n t  t o  r a i s e  t h e  t empera tu re  h i g h  
enough t o  c a u s e  spontaneous i g n i t i o n . "  
1 1  
2) Ni t rogen  T e t r o x i d e  ( " T O )  
Numerous ae rospace  and r e s e a r c h  o r g a n i z a t i o n s  have 
been a c t i v e  i n  t e s t i n g  c o m p a t i b i l i t y  of NTO w i t h  v a r -  
i o u s  s t r u c t u r a l  and n o n s t r u c t u r a l  m a t e r i a l .  Paramount 
among t h e s e  e f f o r t s  was t h e  work by Aero je t  and M a r t i n  
s u p p o r t i n g  t h e  development of  t h e  T i t a n  I1 and I11 
f a m i l y  p ropu l s ion  and t ankage  sys t ems .  The knowledge 
gained from the  seven y e a r s  of t e s t i n g ,  e v a l u a t i o n ,  
and f i e l d  expe r i ence  h a s  g r e a t l y  r e s t r i c t e d  t h e  l i s t  
of m a t e r i a l s  t o  be t e s t e d  f o r  t h i s  program. The l i t-  
e r a t u r e  sea rch  confirmed t h a t  i n  a d d i t i o n  t o  t h e  
M a r t i n  P r o p e l l a n t  C o m p a t i b i l i t y  Report  (Ref 9) t h e r e  
was much d a t a  a v a i l a b l e  c o v e r i n g  t h e  t empera tu re  r ange  
of 60 t o  18O0FY bu t  v e r y  l i t t l e  d a t a  i n  t h e  r ange  of  
t h e  d r y  h e a t  s t e r i l i z a t i o n  c y c l e  t e m p e r a t u r e .  It has  
been shown by t e s t s  a t  M a r t i n  t h a t  t h e  d e g r a d a t i o n  
r a t e  on m a t e r i a l s  a t  e l e v a t e d  t e m p e r a t u r e s  i s  n o t  
l i n e a r  and t h a t  s i g n i f i c a n t  s i d e - e f f e c t s ,  which a r e  
no t  t y p i c a l ,  may be e x p e r i e n c e d .  
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The i n f o r m a t i o n  p r e s e n t e d  i n  t h e  f o l l o w i n g  d i s c u s s i o n  
i n d i c a t e s  t h a t  t h e  c a n d i d a t e  m a t e r i a l s  have a h i g h  
p o t e n t i a l  f o r  s a t i s f y i n g  t h e  program's  env i ronmen ta l  
r e q u i r e m e n t s .  The d a t a  were o b t a i n e d  from many d i f -  
f e r e n t  t e s t s ,  i n  d i f f e r e n t  l a b o r a t o r i e s  f o r  u n l i k e  
a p p l i c a t i o n s .  T h e r e f o r e ,  uniform c o n f i r m a t i o n  t e s t i n g  
f o r  t h i s  a p p l i c a t i o n  must be accomplished t o  a s s u r e  
t h a t  t h e  d e s i g n  and performance g o a l s  w i l l  be met.  
304  and 321  S t a i n l e s s  S t e e l  (%g4), - These a l l o y s  
were s e l e c t e d  because t h e y  e x h i b i t  good w e l d a b i l i t y  
c h a r a c t e r i s t i c s  and a r e  l e s s  s u s c e p t i b l e  t o  i n t e r -  
g r a n u l a r  a t t a c k  o r  s t r e s s  c o r r o s i o n  t h a n  most o t h e r  
300 s e r i e s  s t a i n l e s s  s t e e l s .  These m a t e r i a l s  a r e  
l i s t e d  a s  C l a s s  1 a t  140°F and 160°F, r e s p e c t i v e l y ,  i n  
Ref 9 .  A l l e y ,  Hayford and S c o t t  (Ref 10) r e p o r t  z e r o  
a t t a c k  on 304L a f t e r  one y e a r  exposure  a t  165°F. B e l l  
Aerosystem (Ref 11)  l i s t s  t h e s e  a l l o y s  a s  C l a s s  A i n  
c o n t a c t  w i t h  N 0 a t  160°F f o r  a p e r i o d  of  14 d a y s .  
2 4  
A e r o j e t  (Ref 4 )  r e p o r t s  t h a t  c o r r o s i o n  r a t e s  f o r  a l u -  
minum and s t a i n l e s s  s t e e l  a l l o y s  shown f o r  t h e  3-day 
and 90-day exposure p e r i o d s  i n d i c a t e  a n  i n i t i a l  h i g h  
c o r r o s i o n  r a t e  o c c u r r e d .  A f t e r  b u i l d i n g  up a p r o t e c -  
t i v e  f i l m ,  t h e  c o r r o s i o n  r a t e s  f o r  t h e  3-day p e r i o d  
were of t h e  o r d e r  o f  0 .1  Mpy ( m i l s / y e a r ) ,  and less 
t h a n  0.01 Mpy f o r  t h e  90-day p e r i o d .  
17-4PH S t a i n l e s s  S t e e l  (NTO) - T h i s  m a t e r i a l  was s e -  
l e c t e d  because i t  posses sed  good w e l d a b i l i t y  p r o p e r t i e s ,  
i s  e a s i l y  f a b r i c a t e d ,  and e x h i b i t s  good c o r r o s i o n  and 
h e a t  r e s i s t a n c e .  I t s  s t r e n g t h - t o - w e i g h t  r a t i o  i s  
s u p e r i o r  t o  t h e  300 and 400 s e r i e s  s t a i n l e s s  s t e e l s .  
B e l l  Aerosystems (Ref 12) l i s t s  t h i s  a l l o y  a s  C l a s s  
A i n  l i q u i d  N 0 a t  100°F a f t e r  90 days  of  exposure .  
2 4  
B e l l  Aerosystems (Ref 11)  shows a we igh t  change o f  
l e s s  t h a n  0.0007% a f t e r  90 days of exposure  to N2O4 
a t  65°F. 
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A-286-Aged (NTO) - T h i s  a l l o y  p o s s e s s e s  good mechanical  
p r o p e r t i e s  i n  b o t h  c ryogen ic  and e l e v a t e d  t e m p e r a t u r e  
env i ronmen t s ,  It i s  we ldab le  and r e sponds  t o  normal 
f a b r i c a t i o n  methods. I t s  c h i e f  a t t r i b u t e  i n  t h i s  pro-  
gram may be i t s  e x c e l l e n t  s t r e s s  c o r r o s i o n  r e s i s t a n c e .  
DMIC (Ref 5) l i s t s  A-286 a s  C l a s s  1 i n  NTU a t  bU'F. 
T i t an ium - 6AL-4V (NTO) - A s  mentioned i n  t h e  s e c t i o n  
on c o m p a t i b i l i t y  w i t h  MMH, t h i s  w ide ly  used t i t a n i u m  
a l l o y  i s  g e n e r a l l y  c o n s i d e r e d  th roughou t  t h e  ae rospace  
i n d u s t r y  a s  compatible  w i t h  NTO. It i s  used a s  NTO 
t ankage  e x t e n s i v e l y  i n  Gemini, Surveyor ,  LEM, and t h e  
T i t a n  I11 t r a n s t a g e .  
Many t e s t  r e p o r t s  and pape r s  such  a s  "Ef fec t  of N i t r o -  
gen T e t r o x i d e  on M e t a l s  and P l a s t i c s "  (Ref 10 )  v e r i f y  
i t s  a p p a r e n t  s u i t a b i l i t y  i n  v a r i o u s  room t e m p e r a t u r e  
and t h e  100 t o  200°F r a n g e .  R e c e n t l y ,  however, s ev -  
e r a l  f a i l u r e s  have occur red  i n  e l e v a t e d  t e m p e r a t u r e  
s t o r a g e  of NTO i n  6AL-4V. These f a i l u r e s ,  which have 
been s t r e s s  c o r r o s i o n  i n  n a t u r e ,  appea r  t o  be a s s o -  
c i a t e d  w i t h  t h e  amount of n i t r i c  ox ide  p r e s e n t  i n  t h e  
o x i d i z e r .  B e l l  Aerosystems (Ref 12) l i s t s  t h i s  mate- 
r i a l  a s  C l a s s  A a t  70 t o  165°F a f t e r  27 days exposure .  
H a s t e l l o y  C (NTO) - H a s t e l l o y  C combines high-tempera-  
t u r e  p r o p e r t i e s  and e x c e l l e n t  c o r r o s i o n  r e s i s t a n c e  t o  
become a p o t e n t i a l l y  v a l u a b l e  m a t e r i a l  f o r  ae rospace  
a p p l i c a t i o n s .  It i s  a v a i l a b l e  i n  b o t h  wrought and 
c a s t  forms. It i s  l i s t e d  by DMIC (Ref 5 )  a s  a C l a s s  
1 m a t e r i a l  i n  l i q u i d  hydraz ine  a t  125°F. 
Maraging S t e e l  - 18% N i  (NTO) - Search  of  a p p l i c a b l e  
documents r e v e a l e d  no i n f o r m a t i o n  on t h e  maraging 
s t e e l  f a m i l y  c o m p a t i b i l i t y  w i t h  NTO. It was s e l e c t e d  
f o r  e v a l u a t i o n  due t o  i t s  e x c e l l e n t  mechanical  prop- 
e r t i e s  and f a b r i c a t i o n  c h a r a c t e r i s t i c s .  
It i s  d i f f i c u l t  t o  make a d i r e c t  comparison wi th  o t h e r  
s t ee l  f a m i l i e s  because t h e  maraging s t e e l  group be- 
comes a family w i t h i n  i t s e l f .  Comparison does r e v e a l  
t h a t  t h e  maraging s t e e l s  i n c l u d e  t h e  same a l l o y i n g  
c o n s t i t u e n t s  a s  many o t h e r  f e r r o u s  a l l o y s  which a r e  
c o n s i d e r e d  compa t ib l e .  Long-term s t o r a g e  o f  NTO i n  
v e s s e l s  made from carbon s t e e l s ,  low a l l o y s ,  18-8 
t y p e ,  and 400 s e r i e s  s t a i n l e s s  s t e e l s  h a s  been s a t i s -  
f a c t o r y .  C e r t a i n l y  a l l  i n d i c a t i o n s  p o i n t  t o  t h e  v a l u e  
of i n c l u d i n g  t h i s  promising new m a t e r i a l  i n  t h e  eva lua -  
t i o n .  
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T e f l o n ,  TFE (NTO) - T e f l o n  p o s s e s s e s  e x c e l l e n t  t h e r m a l  
and chemical  r e s i s t a n c e  p r o p e r t i e s .  It h a s  been w i d e l y  
used i n  t h e  ae rospace  i n d u s t r y  f o r  b o t h  p r o p e l l a n t  and 
h i g h  t empera tu re  a p p l i c a t i o n s .  Mechanical  p r o p e r t i e s  
v a r y  c o n s i d e r a b l y  w i t h  t h e  t y p e  of molding powder used 
and t h e  deg ree  of c r y s t a l l i n i t y  achieved d u r i n g  s i n t e r -  
i n g .  A p p l i c a t i o n  of t h i s  m a t e r i a l  t o  a p a r t i c u l a r  de-  
s i g n  should be c a r e f u l l y  c o n s i d e r e d  because of i t s  
i n h e r e n t  c o l d  f low c h a r a c t e r i s t i c s .  DMIC (Ref 5)  l i s t s  
T e f l o n  a s  C l a s s  1 when exposed t o  N 0 
f o r  a n  u n l i m i t e d  exposure t i m e ,  
l i q u i d  a t  160'F 
2 4  
P a r t i c u l a t e  Formation (NTO) - P a r t i c u l a t e  fo rma t ion  
i s  a l s o  of  g r e a t  conce rn .  I f  t h e  f e r r o u s  a l l o y s  ex-  
h i b i t  c o r r o s i o n  r a t e s  i n  t h e  p re sence  of N 0 a t  2 4  
275"F, e x i s t i n g  i n f o r m a t i o n  s u g g e s t s  t h e  p r o b a b i l i t y  
of  t h e  fo rma t ion  of  s i g n i f i c a n t  q u a n t i t i e s  of  
Fe(N03)3 N 2 0 4 .  T h i s  s u b s t a n c e  i s  an i n s o l u b l e  
n i t r a t e  formed i n  N 0 contaminated w i t h  n i t r o s y l  
c h l o r i d e  (NOCl), i n  t h e  p re sence  of m e t a l l i c  i r o n .  
Development of  a means of t y i n g  up t h e  n i t r o s y l  
c h l o r i d e  must be c o n s i d e r e d  i f  a p p r e c i a b l e  q u a n t i t i e s  
of  t h e  i r o n  a d d u c t s  a r e  formed. 
2 4' 
b .  Thermal P r o p e r t i e s  of  M a t e r i a l s  
A s tudy  of  t h e  e f f e c t s  of  t h e  the rma l  p r o p e r t y  v a r i a t i o n  
i n  t h e  range 70 t o  285'F was conduc ted .  The e f f e c t s  of 
t h e  the rma l  environment on t h e  chemica l  and p h y s i c a l  prop-  
e r t i e s  of t h e  c a n d i d a t e  m a t e r i a l s  a r e  compiled i n  T a b l e s  
9 and 1 0 .  
I n  t h e  m e t a l l i c  a r e a ,  members of t h e  f e r r o u s ,  t i t a n i u m ,  
and o t h e r  h e a t  r e s i s t i n g  groups e x h i b i t  l i t t l e  change i n  
t h e  t e m p e r a t u r e  r a n g e .  Aluminum a l l o y s  may e x p e r i e n c e  a 
s l i g h t  l o s s  i n  p r o p e r t i e s  a t  t h e  maximum t e m p e r a t u r e  and 
those  a f f e c t e d  by long- t e rm o v e r a g i n g  w i l l  e x p e r i e n c e  
some d e g r a d a t i o n  i n  e l o n g a t i o n  and t e n s i l e  s t r e n g t h s  and 
a n  i n c r e a s e  i n  i t s  s u s c e p t i b i l i t y  t o  i n t e r g r a n u l a r  and 
s t ress  c o r r o s i o n .  
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Table  10 Summary of Typica l  Nonmetals Compatible wi th  Decontamination 
and S t e r i l i z a t i o n  Cycles  
.___---- ~ -7 Material Use Trade Name Basic Material Applications Adhesives PD-454 Epoxy General applications General applications RTV-102 Silicone One Component -100. to 320.F 
RTV-511 Silicone General applications 
i RTV-560 Silicone General applications 
Eccobond 57c Epoxy Electrically conductive -70. to 350'FI 
RTV-60 Silicone General applications I I
___- 
PD -458 Epoxy 
t 
Eccobond 601 Epoxy Thermally conductive ~ 
Thermal control coating / 
-_-__ - -- - - 
Coatings and Finishes D-4D paint Silicone -alkyd 
Vitavrr PV-100 Silicone -alkyd Thermal control coating 
Wash primer Penetrant primer Penetrant primer 
Zinc chromate primer Zinc-chromate Corrosion protection 
Silicone primer SSllOl  Silicone Primer for adhesive bonding 
* Lowe Brothers 17865 Glyceryl-pthalete Heat resistant paint 
I 
I 
MSD -10 5 Zinc oxide-silicate Thermo conductive c z t j n R  I 
* 3M-850 Metallized polyester Sealing and joining mylar sheet 
Schjeldahl GT Polyester Heat sealable adhesive tape 
3M-56 Polyester Harness bundle wrap 
3M-EE-3990 Copper foil tape Electromagnetic harness shielding 
Silicone tapes DC-269 Silicone Seal component against corrosive 
environment 
AM-FAB TV-20-60 Fluorocarbon Insulation tape 
Encapsulann RTV-60 Silicone Encapsulating 
LTV-602 Silicone 
Insulating Material Tissue Glass - 200r Glass fiber -Cellulose Thermal insulation 
Arnfab 20 -60 Fluorocarbon -glass Thermal insulanon 
*Epoxy glass S-30205, P-2 Epoxy-fiberghss Circuit boards 
Thermofit RNF-100 Polyolefin Thermal insulation 
Mylar (pre-shrunk 300.F) Polyester Electrical and moisture in sux ion  
Dry film Molybdenum -d isu Ifi de  Lock assemblies 
Fibroid Glassfibem -fluorocarbon Bearing surfaces 
Grease MSD-104 Silver filled silicone Joint filler 
Potting and encapsulating __ __ - - 
Lubricants and Greases Grease G-300 Silicone Bearing lubricant 
Sterilizable in an  inert atmosphere 
Source - General Electric Document No. 65SD4518, Design Criteria for Typical Planetary Spacecraft to be 
Sterilized by Heating. 
IOTE: Deconuminrtion refers to the surface exposure of materiels to the 1 2 g  ethylene oxide/880fcFreon 12 fluid. 
Sterilization refers to the six 96 hour day heat  cycles at 275.F. 
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In the nonmetals area, data presented in reports from 
earlier studies were reviewed. When using information of 
this type for some of the plastics, the formulation and 
cure cycle must be known unless that specific material 
was tested. Compatibility properties can be significantly 
changed by variation in these items. 
Data presented in Table 10 lists compatibility of a cross 
section of the materials studied. 
Candidate Materials Compatibility with 12% Ethylene Oxide/ 
88% Freon - Results of the survey on compatibility of the 
candidate materials with the ethylene oxide decontamina- 
tion fluid indicates that data are available on most mate- 
rial families. Those data were compiled in Tables 9 and 
10. Those materials on which information was not avail- 
able will be tested and evaluated so that conclusive data 
will be obtained. 
2 .  Prescreening Tests 
This series of short-term tests was performed to verify lit- 
erature data and to assist in development of procedures for con- 
ducting the screening tests. The tests consisted of exposing small 
material samples to the propellants in combination with the dry 
heat sterilization temperatures for periods up to 120 hr. Sample 
containers were fabricated from 304 stainless steel Hoke cylinders 
or l-in. tubing sections of appropriate materials. The materials 
tested included: 
6061-T6 aluminum FEP and TFE Teflon 
1100-0 aluminum B-591-8 Butyl Rubber, Parker 
6AL-4V titanium E-515-8 Ethylene Propylene Rubber, 
321 stainless steel 
Nickel 
Lead 
Parker 
AFLE-110 Carboxy Nitroso Rubber 
S - 9 7 1 1  Silastic Compound 
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A number of impor t an t  i t ems  of i n f o r m a t i o n  were developed 
d u r i n g  t h i s  s e r i e s  of s u b s c a l e  t e s t s .  The fo rma t ion  of a d d u c t s  
of  i r o n  was found t o  be a major problem. With on ly  one e x c e p t i o n ,  
t h e  phenomenon was found i n  a l l  t e s t s  conducted on f e r r o u s - b a s e d  
a l l o y s  i n  t h e  p re sence  of NTO. I n  t h a t  i n s t a n c e  a sample of 3 2 1  
s t a i n l e s s  s t e e l  was p l aced  i n  an open g l a s s  v i a l  c o n t a i n i n g  NTO 
and i n s e r t e d  i n t o  a 304 s t a i n l e s s  s t e e l  Hoke c y l i n d e r ,  which a l s o  
c o n t a i n e d  NTO t h a t  d i d  n o t ,  however, cove r  t h e  v i a l .  A t  comple- 
t i o n  of exposure of t h e  system t o  275°F f o r  120 h r ,  a l i g h t  r e s i -  
due was found on t h e  w a l l s  of t h e  Hoke c y l i n d e r  but  none on t h e  
specimen. 
i s o l a t i o n  p r e s c r e e n i n g  t e s t s .  These t e s t s  were conducted t o  a s -  
c e r t a i n  whether t h e  f e r r o u s - b a s e d  a l l o y s  would form t h e  a d d u c t s  
i n  t h e  absence of  any o t h e r  me ta l  and any nonmetal .  
T h i s  phenomenon l e d  t o  t h e  c o n c e p t i o n  of a d d i t i o n a l  
No nonmetals were t e s t e d  t h a t  proved t o  be comple t e ly  com- 
p a t i b l e  w i t h  N 0 a t  275°F. TFE and FEP T e f l o n  specimens were 
s l i g h t l y  a f f e c t e d  i n  t e s t s  u p  t o  70 h r .  R e s u l t s  were not  c l e a r  
s i n c e  t h e  f i r s t  s e r i e s  of  specimens were exposed i n  s t a i n l e s s  
s t e e l  Hoke c y l i n d e r s ,  which r e s u l t e d  i n  o x i d i z e r  c o n t a m i n a t i o n .  
A second t e s t  of 69 h r  a t  275°F i n  a 6061-T6 aluminum c o n t a i n e r  re- 
v e a l e d  s i m i l a r  e f f e c t s  on t h e  T e f l o n  m a t e r i a l s ,  and a t h i n ,  w h i t e  
p r e c i p i t a t e  remained on t h e  c o n t a i n e r  w a l l s  and t h e  T e f l o n  s p e c i -  
men a f t e r  t h e  p r o p e l l a n t  was d r a i n e d .  
2 4  
Elas tomers  i n c l u d i n g  s i l a s t i c s ,  b u t y l  r u b b e r ,  e t h y l e n e  p ro -  
pylene r u b b e r ,  and n i t r o s o  r u b b e r  l o s t  s i g n i f i c a n t  mechanical  
p r o p e r t i e s ,  b l i s t e r e d ,  i g n i t e d ,  o r  went i n t o  s o l u t i o n  a f t e r  s h o r t -  
t e rm exposure t o  N 0 a t  275°F. 
2 4  
Both n i c k e l  and l e a d  s u s t a i n e d  a t t a c k .  T h i s  r e s u l t e d  i n  forma- 
t i o n  of n i c k e l  n i t r a t e  and l e a d  n i t r a t e ,  r e s p e c t i v e l y .  S u f f i c i e n t  
a t t a c k  occurred t o  e l i m i n a t e  e i t h e r  m a t e r i a l  from f u r t h e r  con- 
s i d e r a t i o n .  
A l l  m e t a l s  exposed t o  MMH demons t r a t ed  c o m p a t i b i l i t y .  A l l  
nonmetals  exposed t o  t h e  f u e l  caused i t  t o  d i s c o l o r .  The e x a c t  
s i g n i f i c a n c e  r e g a r d i n g  e f f e c t  on t h e  f u e l  i s  n o t  known a t  t h i s  
t i m e ,  Ethylene proplyene r u b b e r  was l e a s t  a f f e c t e d  of  t h e  
e l a s t o m e r s  when t e s t e d  f o r  24 h r  a t  275°F. TFE and FEP T e f l o n  
specimens l o s t  l i t t l e  i n  mechanical  p r o p e r t i e s  a f t e r  80 h r  of  
exposure t o  MMH a t  275°F; however, f u e l  decompos i t ion  o c c u r r e d .  
MCR-67 -15 
3 .  I s o l a t i o n  P resc reen ing  T e s t s  
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T h i s  s e r i e s  of  t e s t s  was g e n e r a t e d  t o  de t e rmine  t h e  e f f e c t  
of p r o p e l l a n t  on m a t e r i a l s  when no o t h e r  me ta l  o r  nonmetal was 
p r e s e n t ,  S p e c i a l  c o n t a i n e r s  were f a b r i c a t e d  w i t h  a p p r o p r i a t e  
welded end p l a t e s  t o  a s s u r e  a s i n g l e  c o n s t i t u e n t  system r a t h e r  
t h a n  i n t r o d u c i n g  unknowns from commercial ly  a v a i l a b l e  t u b e  f i t -  
t i n g s .  Both p r o p e l l a n t s  were c o n s i d e r e d .  
The r e s u l t s  of  t h e s e  t e s t s  proved a d d u c t s  of i r o n  w i l l  be 
formed by any f e r rous -based  a l l o y  when i n  c o n t a c t  wi th  N 0 a t  
275OF. 
i n c r e a s e s  a s  t h e  amount of a l l o y i n g  a g e n t s  d e c r e a s e s .  Conversely 
no r e s i d u a l  con tamina t ion  i s  formed when aluminum a l l o y s  o r  t i -  
tanium a l l o y s  a r e  exposed t o  t h e  same environment .  
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Rate  of  formation a p p e a r s  t o  be approx ima te ly  l i n e a r  and 
Fue l  was not  found t o  r e a c t  w i t h  any m e t a l  a l l o y  excep t  316 
s t a i n l e s s  s t e e l .  T h i s  a l l o y  was no t  c o n s i d e r e d  f o r  systems use  
bu t  d i d  form a p a r t  of  t h e  c o n t a i n e r  used f o r  s c r e e n i n g  t e s t s .  
No a t t a c k  was observed on t h e  m e t a l ,  however, decomposi t ion of  
t h e  f u e l  d i d  o c c u r .  T h i s  i s  a t t r i b u t e d  t o  t h e  p re sence  of mo- 
lybdenum i n  t h e  a l l o y .  
4 .  300-hr Sc reen ing  Tes t  
T h i s  t e s t  was performed i n  t h e  same manner a s  t h e  f u l l - s c a l e  
600-hr t e s t  excep t  f o r  d u r a t i o n .  It was in t ended  t o  p rov ide  
advance i n f o r m a t i o n  f o r  m a t e r i a l s  s e l e c t i o n  and t o  i n d i c a t e  any 
b a s i c  e r r o r  i n  t h e  concep t ion  of t h e  600-hr t e s t .  S ince  t h i s  
t e s t  i s  a f o r e r u n n e r  of  t h e  more e x t e n s i v e  600-hr t e s t ,  t h e  f o l -  
lowing photographs a r e  inc luded  showing v a r i o u s  views of t h e  ap-  
p a r a t u s .  
F i g u r e  6 shows t h e  specimen r a c k  and t e s t  v i a l s  w i t h o u t  pro-  
p e l l a n t  be ing  lowered i n t o  t h e  f u e l  bomb. Fol lowing p r o p e r  l o a d -  
i n g ,  t h e  bomb w i l l  be c losed  and lowered i n t o  an e t h y l e n e  g l y c o l  
b a t h  t h a t  i s  h e a t e d  t o  275°F by immersion h e a t e r s .  
"aL'L is skLGKn at t he  & - - L - 4 , . 4 - . . . f C .  
L C L L L L L & L A . C I L L  " Icft . The hea ted  1 . L .  
The f u e l  t e s t  c e l l  i s  shown i n  F i g .  7 .  The t e s t  bomb, r a c k ,  
and b a r r e l  t o  be loaded f o r  t h e  600-hr t e s t  i s  shown i n  t h e  back- 
ground. The bomb on t h e  h o i s t  i s  about  t o  be lowered i n t o  t h e  
300-hr t e s t  c o n t a i n e r  i n  t h e  fo reg round .  
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F i g u r e  8 ,  t h e  i n t e r i o r  of a t e s t  bomb, shows the  p o s i t i o n  of  
t e s t  t u b e s  and r a c k .  
been i n s t a l l e d .  
and o x i d i z e r  t e s t s .  
P r o p e l l a n t  and t e s t  t u b e  c o v e r s  have n o t  
T h i s  arrangement i s  t y p i c a l  f o r  b o t h  t h e  f u e l  
F i g u r e  4 Slio;;a t h e  i n t e r i o r  of t h e  o x i d i z e r  c e l l  w i t h  bombs 
(600-hr on l e f t ,  300-hr  on r i g h t )  b e f o r e  f i n a l  conneccioris a d  
l o a d i n g .  
r e l i e f  system. 
from t h e  t e s t  c e l l  when the t e s t  i s  completed.  
were d i r e c t l y  h e a t e d  w i t h  an e l e c t r i c  b l a n k e t  (under  i n s u l a t i o n ) .  
The plumbing on the w a l l  i s  t h e  p r e s s u r i z a t i o n  and v e n t  
The 300-hr bomb i s  on a dolly t o  f a c i l i t a t e  removal 
O x i d i z e r  bombs 
I n  F i g ,  10 t h e  300-hr f u e l  bomb i s  shown a f t e r  t e s t  exposure  
was completed.  The bomb w i l l  be  lowered i n t o  a h o l d i n g  r a c k  f o r  
f l a n g e  removal.  The b a r r e l  a t  t h e  l e f t  i s  t h e  same a s  i n  F i g .  
7 ,  bu t  t h e  i n s u l a t i o n  h a s  been removed. 
The r e s u l t s  of  t h e  300-hr t e s t  showed no a t t a c k  on any ma- 
The f o l l o w i n g  m a t e r i a l s  were a l l  t e r i a l s  exposed t o  t h e  f u e l .  
found t o  be compa t ib l e :  
304 s t a i n l e s s  s t e e l  C a r p e n t e r  20 Cb 
321 s t a i n l e s s  s t e e l  H a s t e l l o y  C 
347 s t a i n l e s s  s t e e l  6AL-4V t i t a n i u m  a l l o y  
17-7 s t a i n l e s s  s t e e l  1100-0 aluminum 
17-4 s t a i n l e s s  s t e e l  2014-T6 aluminum 
A-286 aged 2219-T8 aluminum 
F i g u r e  11 shows t h e  f u e l  specimens a f t e r  t h e  300-hr exposure .  
The specimens were u n a f f e c t e d  and t h e  p r o p e l l a n t  was a c l e a r  
l i g h t  s t r a w  c o l o r ,  unchanged from i t s  o r i g i n a l  c o n d i t i o n .  
specimen was i s o l a t e d  from t h e  o t h e r  by t h e  s t o p p e r  shown i n  
e a c h  t e s t  t u b e .  
Each 
Al loys  found compa t ib l e  w i t h  N 2 4  0 were:  
1100-0 aluminum Commercially pure t i t a n i u m  
6AL-4V t i t a n i u m  ,.,-.,I LU I+ -T 6 3 1 uminrrm 
2219-T8 aluminum H a s t e l l o y  C 
6061 -T6 aluminum 
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A l l o y s  found t o  be incompa t ib l e  w i t h  N 0 were:  
2 4  
304 s t a i n l e s s  s t e e l  Nicke 1 
321 s t a i n l e s s  s t e e l  A-286 
347 s t a i n l e s s  s t e e l  C a r p e n t e r  20 Cb 
17-4 s t a i n l e s s  s t e e l  Maraging s t e e l  
17-7 s t a i n l e s s  s t e e l  Lead 
The fo rma t ion  of a d d u c t s  of i r o n  was found i n  a l l  i n s t a n c e s  
of exposure of  f e r r o u s - b a s e d  a l l o y s  t o  t h e  o x i d i z e r .  The f e r r o u s  
m a t e r i a l s  were incompa t ib l e  because of  t h e  fo rma t ion  of a mate- 
r i a l  i n  t h e  o x i d i z e r  t h a t  would be d e t r i m e n t a l  t o  t h e  system op- 
e r a t i o n .  The adduct  i s  i d e n t i f i e d  because i t :  
1) P r e c i p i t a t e s  from t h e  l i q u i d  p r o p e l l a n t ;  
2) Does no t  t r a n s f e r  i n  t h e  vapor  phase ;  
3) 
4) 
5) IS amorphous when d r i e d  of o x i d i z e r .  
Has a l a r g e  volume 'when wet but  s h r i n k s  t o  l e s s  t h a n  
10% of  o r i g i n a l  volume when d r y ;  
Has t h e  a p p a r e n t  v i s c o s i t y  of c o l d  molas ses  w i t h  a 
h i g h  a d h e s i v e  s t r e n g t h ;  
The maraging s t e e l  was t h e  on ly  f e r r o u s  a l l o y  which demons t r a t ed  
s t r u c t u r a l  f a i l u r e .  It was p r e s t r e s s e d  t o  75% of  y i e l d .  The 
specimen f r a c t u r e d  i n  b o t h  t h e  t e s t e d  s t r e s s e d  a r e a  and i n  a r e a s  
around t h e  r i v e t .  S i g n i f i c a n t l y ,  t h i s  a l l o y  c o n t a i n e d  t h e  l e a s t  
amount of c o r r o s i o n  r e s i s t a n t  m e t a l s ,  was t h e  h i g h e s t  s t r e n g t h  
a l l o y  t e s t e d ,  and formed t h e  g r e a t e s t  amount of adduct  ( F i g .  1 2 ) .  
F i g u r e s  1 3 ,  14,  and 15  show t h e  specimens a f t e r  exposure  t o  
N 0 f o r  300-hr a t  275'F. The sma l l  amounts of  p r o p e l l a n t  r e -  
maining a r e  due t o  d i s t i l l a t i o n  which o c c u r r e d  d u r i n g  r a p i d  c o o l -  
i n g  of t h e  bomb from 275'F t o  40°F. 
are  aluminum a l l o y s .  
similar appea rance ,  b u t  the tes t  t u b e  was b roken  d u r i n g  removal 
from the test bomb. R i v e t  s t a i n i n g  may b e  s e e n  i n  s e v e r a l  s p e c i -  
mens. Ferrous-based a l l o y s  show a b l ackened  e f f e c t  ( i r o n  adduc t ) .  
I r o n  adduct  f o r m a t i o n  i s  most c l e a r l y  s e e n  o n  t h e  b i m e t a l  specimen 
i n  F i g .  1 5  (aluhinum i n t e r i o r  specimen and 321  s t a i n l e s s  o u t e r  
specimen). 
2 4  
U n a f f e c t e d  b r i g h t  specimens 
The t i t a n i u m  specimen ( n o t  shown) had a 
Note f r a c t u r e d  maraging s t e e l  specimen a t  extreme r i g h t .  
/ 
F-. 
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F ig .  14 O x i d i z e r  T e s t  Specimens 
I 
e 
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F i g .  15 O x i d i z e r  T e s t  Specimens 
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F i g u r e  16  shows t h e  304 s t a i n l e s s  s t e e l  specimen r a c k  a f t e r  
300 hour s  i n  N 0 a t  275'F. The r a c k  was c l e a n  and b r i g h t  b e f o r e  
exposure .  D e p o s i t s  a r e  i r o n  a d d u c t .  The r a c k  was made from 
s t a i n l e s s  s t e e l  r a t h e r  t han  aluminum a l l o y  a s  s p e c i f i e d  i n  t h e  
t e s t  p i a n  t o  p rov ide  u r i i i u r i u i t j i  of t e s t  b s ~ b  zzterizls. 
2 4  
5.  R e a c t i v i t y  of E t h y l e n e  Oxide Atmosphere w i t h  P r o p e l l a n t s  
T h i s  t e s t  was performed t o  de t e rmine  whether  a s a f e t y  hazard 
would e x i s t  i f  a l e a k  occur red  i n  e i t h e r  t h e  f u e l  o r  o x i d i z e r  
system d u r i n g  exposure t o  t h e  e t h y l e n e  ox ide  atmosphere.  R e s u l t s  
of  t e s t s  i n d i c a t e d  t h a t  a minimum p r e s s u r e  r i s e  of  4 p s i  cou ld  
be expected i n  t h e  e v e n t  of a f u e l  l e a k  and 26 p s i  i f  an o x i d i z e r  
l e a k  p r o v i d i n g  p r o p e l l a n t  fume c o n c e n t r a t i o n  was a t  l e a s t  5 x 
10 ppm. T h i s  problem w i l l  be c o n s i d e r e d  f u r t h e r .  3 
6. De te rmina t ion  of t h e  Vapor P r e s s u r e  of MMH a t  E l e v a t e d  Tem- 
p e r a t u r e s  
A t e s t  program was conducted t o  v e r i f y  t h e  vapor  p r e s s u r e  
and s t a b i l i t y  c h a r a c t e r i s t i c s  of  MMH f u e l  a t  t h e  t e m p e r a t u r e  
l e v e l s  a s s o c i a t e d  w i t h  t h e  decon tamina t ion  and s t e r i l i z a t i o n  
p r o c e s s e s .  
The schematic  of  t h e  t e s t  f i x t u r e  i s  shown i n  F i g .  1 7 .  The 
g l a s s  t e s t  v e s s e l  h a s  a c a p a c i t y  of  185 m l ,  and c o n t a i n s  an i n -  
t e g r a l  thermometer w e l l .  The g l a s s  o u t l e t  t ube  o f  t h e  t e s t  v e s -  
s e l  was connected t o  t h e  s t a i n l e s s  s t e e l  f i x t u r e  p i p i n g  by a 
Swagelok connec to r  w i t h  a T e f l o n  s e a l .  A r e l i e f  v a l v e  and ap- 
p r o p r i a t e  hand v a l v e s  were p rov ided  i n  t h e  system. 
The t e s t  v e s s e l  was suppor t ed  i n  a n  e t h y l e n e  g l y c o l  b a t h .  
The b a t h  c o n t a i n e r  was equipped w i t h  w a l l  h e a t e r s  and a n  a g i t a t o r  
t o  c o n t r o l  t h e  h e a t i n g  of t h e  b a t h .  
A vacuum pump was provided t o  e v a c u a t e  t h e  t e s t  v e s s e l  and 
c c n n e c t i r ? ~  o n i n i n v  r - r - - - w  p r i o r  t o  f i l l i n g  w i t h  MMH. A 3 0 0 - s e r i e s  s t a i n -  
l e s s  s t e e l  Hoke b o t t l e  (300 m l  c a p a c i t y )  was provided t o  hold t h e  
f u e l  sample f o r  i n t r o d u c t i o n  i n t o  t h e  t e s t  v e s s e l .  
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The instrumentation locations are shown in the schematic of 
the test fixture (Fig. 17). Vapor pressure was measured with a 
strain gage-type transducer and a potentiometric voltmeter. Ac- 
curacy of this system was 50.1 psia for pressures up to 50 psia 
---- anrl f l - 5  p s i a  for pressures above 50 psia. Temperature of the 
MMH was determined with a mercury-in-glass thermometer having a 
range of OOF to 300°F and an accuracy of 51°F. 
was read with a copper-constantan pyrometer having an accuracy 
of +3'F in the range of interest. 
Bath temperature 
The test system was thoroughly cleaned prior to assembly, and 
proof-pressure tested after assembly. The system was then leak- 
checked at 285°F with helium, using a mass spectormeter leak de- 
tector. 
The 300-1111 supply bottle was filled from the storage drum by 
GN pressure transfer and then connected to the test fixture ,fill 
port with the bottle stop valves closed. The test system up to 
the bottle stop valve was then evacuated to approximately 150- 
microns Hg. The vacuum system was then isolated and the stop 
valves on the supply bottle opened to admit approximately 120 ml 
of MMH into the test vessel (MMH level about 2 in. above the bot- 
tom of the thermometer well). The fill valve was then closed and 
the supply bottle was disconnected. 
2 
The test runs were made by heating the bath to obtain MMH 
temperatures of 150°F, 200°F, 250"F, 275°F and 285°F. In some 
cases, the temperature was first brought to 285°F and the set- 
points were run in descending order. 
hold period of 30 minutes at 285°F as a stability test. 
One test run included a 
A total of six test runs were made. The last twa runs were 
considered to be of unquestioned validity. The results of the 
first four runs were considered to be of dubious validity due to 
the fact that the MMH was boiling during the test, presumably due 
to leakage of vapor from the system at the higher temperatures, 
No boiling was evident on the two final runs. 
The vapor pressure data from the final runs are shown in 
Fig. 18, which shows a vapor pressure of 67 psia at 285°F. The 
data at 150°F and above show agreement (55%) with published in- 
formation (Ref 13) from the Johns Hopkins Liquid Propellant In- 
formation Agency. The data below 150°F show a difference of 1.5 
psi between the test data and published values. The relatively 
low temperature regime was considered to be of incidental impor- 
tance to the overall program; therefore, the acquisition of valid 
data in the high temperature regime was considered a satisfactory 
fulfillment of the test objectives. 
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MMH Temperature ( O F )  
Fig. 18 Vapor Pressure of MMH 
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S t a b i l i t y  of t h e  MMH was demonstrated by t h e  r e p e a t a b i l i t y  of 
vapor  p r e s s u r e  c h a r a c t e r i s t i c s  d u r i n g  two s u c c e s s i v e  r u n s  on t h e  
same f u e l  sample,  and a l s o  by t h e  cons t ancy  of  vapor  p r e s s u r e  ex- 
h i b i t e d  d u r i n g  a 30-minute ho ld  p e r i o d  a t  285°F. 
P r o p e l l a n t  S e n s i t i v i t y  - The h e a t i n g  of MMH t o  275°F h a s  been 
some c a u s e  f o r  conce rn  because of  r e c e n t  r e p o r t s  of v i o l e n t  decom- 
p o s i t i o n .  
A l l  specimens t o  be t e s t e d  i n  f u e l  have been tho rough ly  c l e a n e d  
t o  a l o x - c l e a n  l e v e l  and t h e n  p a s s i v a t e d .  I n  g e n e r a l ,  t h e  p a s s i v a -  
t i o n  p rocedure  i n c l u d e s  exposure t o  a 25% MMH s o l u t i o n  a t  275°F 
f o r  24 hr . 
There  have been no i n c i d e n t s  of  v i o l e n t  decomposi t ion of t h e  
f u e l  r e s u l t i n g  i n  r u p t u r e  of  any t e s t  a p p a r a t u s .  Some decomposi- 
t i o n  occur red  d u r i n g  t h e  m a t e r i a l  t e s t i n g .  T h i s  was a t t r i b u t e d  
t o  t h e  m a t e r i a l s  be ing  t e s t e d  and no t  t o  c o n t a m i n a t i o n .  D e t a i l e d  
p a s s i v a t i o n  p rocedures  have been pub l i shed  and a r e  now i n  use  by 
t h e  t e s t i n g  o r g a n i z a t i o n s .  
F. TEST PLAN 
Work was s t a r t e d  d u r i n g  t h e  p e r i o d  on a d e t a i l e d  t e s t  p l a n  
f o r  t h e  component and system t e s t  phase of t h e  program. An i n -  
i t i a l  rough d r a f t  was completed w i t h  t h e  e x c e p t i o n  of t h e  com- 
ponent d e s c r i p t i o n s .  A f i n a l  d r a f t  and i s s u e  of t h e  p l a n  w i l l  
n o t  be completed u n t i l  a f t e r  component f i n a l  s e l e c t i o n  which w i l l  
occu r  d u r i n g  t h e  next  r e p o r t i n g  p e r i o d .  I n  a d d i t i o n  t o  component 
d e s c r i p t i o n s ,  t h e  p l a n  w i l l  i n c l u d e  t e s t  equipment d e s c r i p t i o n s ,  
t e s t  sequences,  f low c h a r t s ,  and a schedu le  which w i l l  i n c l u d e  
m i l e s t o n e s .  
The completed p l a n  w i l l  be submi t t ed  t o  JPL f o r  review and 
3 nnr n i r  a 1 -.rr- -. - -  . 
I 
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